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THE  EDITOR’S  VIEWPOINT 


Bruckner  (p.  128)  manufactured  dental 
plaques  for  dialysis  studies  by  immersing 
cellophane  strips  in  saliva.  He  then  pro¬ 
ceeded  to  study  the  passage  of  bicarbonate 
through  the  membranes.  The  plaques  did 
not  prevent  the  passage  of  bicarbonate  but 
did  slightly  inhibit  such  passage.  Sodium 
bicarbonate  was  then  demonstrated  to  in¬ 
hibit  L.  acidophilus  in  vitro.  In  a  few  in¬ 
dividuals  (eighteen  for  two  months  and  nine 
for  six  months)  sodium  bicarbonate  denti¬ 
frice  tended  to  lower  acidophilus  counts. 
Further  controlled  study  is  essential. 

How'ell,  Schlack,  Taylor,  and  Berzinskas 
(p.  136),  report  further  on  their  careful 
study  of  the  effect  of  oxalates  on  dental 
caries  in  experimental  animals.  Previously, 
it  had  been  found  that  oxalates  offered  pro¬ 
tection  against  decalcification  of  rats’  teeth 
by  acids  produced  in  beverages.  Potassium 
oxalate  administered  in  drinking  water  of 
white  rats  on  corn  meal  diet  had  no  appar¬ 
ent  effect  on  the  incidence  and  extent  of 
carious  lesions.  For  the  present  report,  the 
effects  on  dental  caries  of  feeding  various 
amounts  of  potassium  oxalate  in  the  drink¬ 
ing  water  of  cotton  rats  was  observed. 
Again,  no  effect  on  the  incidence  or  extent 
of  carious  lesions  was  observed.  The  hope 
that  oxalates  might  offer  a  simple  method 
for  control  of  dental  caries  has  not  been 
borne  out  by  the  experiments  of  the  group 
at  the  Naval  Medical  Research  Institute  as 
reported  to  date.  It  is  imperative  that 
carefully  controlled  experiments  of  this 
type  be  used  before  materials  are  recom¬ 
mended  for  general  use  by  the  public,  lest 
false  hope  be  given  to  members  of  the  pro¬ 
fession  and  to  the  public. 

Muhler  and  Van  Huysen  (p.  142)  report 
further  on  their  studies  of  fluoride  reagents 
and  powdered  enamel  solubility.  We  are 
still  of  the  opinion  that  powdered  enamel 
may  not  give  the  same  results  as  may  be 
obtained  by  the  use  of  substances  on  sur¬ 
faces  of  teeth,  and  that  the  laboratory 
work  should  be  accompanied  by  clinical 
studies.  It  is  interesting  to  note,  however, 
that  their  experiments  show  that  a  2  per 
cent  solution  of  sodium  fluoride  is  the  best 


concentration  to  use  in  reducing  solubility 
of  powdered  enamel.  Two  per  cent  solu¬ 
tions,  likewise,  have  been  found  effective  in 
reducing  caries  in  groups  of  children. 
Muhler  and  Van  Huysen  showed  that  buf¬ 
fered  solutions  of  sodium  fluoride  are  more 
effectiv'e  than  unbuffered  solutions  in  re¬ 
ducing  powdered  enamel  solubility,  and 
that  the  pH  of  4.5  is  most  effective  for  a 
2  per  cent  reagent  solution  in  reducing  the 
solubility  of  powdered  enamel. 

Davies,  Black,  and  Tilden  (p.  149),  have 
utilized  a  media  devised  by  Wade,  Smiley, 
and  Boruff  for  estimating  the  numbers  of 
acidogenic  bacteria.  The  method  has  been 
tested  on  a  small  group  and  showed  fair 
correlation  with  clinical  data,  but  there  is 
still  need  for  further  study  with  large 
groups  of  individuals.  The  principle  of  the 
method  is  to  use  a  media  which  supports 
the  growth  of  many  different  types  of  bac¬ 
teria  but  permits  differentiation  of  strongly 
acidogenic  organisms  from  weakly  acido¬ 
genic  organisms  and  nonacidogens.  The 
media  uses  bromcresol  purple  as  an  indi¬ 
cator.  Further  developments  along  this 
line  should  be  useful  to  investigators  of  the 
carious  problem  and  may  have  wide  clini¬ 
cal  application  for  rapid  differentiation  of 
caries-susceptible  and  caries-resistant  indi¬ 
viduals. 

Braunschneider,  Hunt,  and  Hoppert  (p. 
154),  using  the  Michigan  State  College 
strain  of  genetically  resistant  and  suscept¬ 
ible  rats,  have  found  that  resistance  to 
caries  is  partially  dependent  upon  age.  The 
teeth  in  the  animals  were  significantly  more 
resistant  to  decay  at  100  and  150  days  than 
they  were  at  thirty-five  days.  These  ani¬ 
mals  which  have  been  standardized  by  con¬ 
trolled  breeding  should  be  of  value  in  a 
number  of  experiments  of  this  type  in 
which  certain  variables  can  be  eliminated 
by  the  use  of  a  group  of  animals  off  known 
caries  susceptibility.  Of  course,  this  type 
of  study  brings  up  another  point,  namely, 
that  many  earlier  studies  on  dental  caries 
in  rats  must  be  reviewed  in  view  of  the 
work  of  the  Michigan  State  College  group 
which  has  shown  that  caries  in  rats  may  be 
related  to  their  genetic  background. 
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I.  D.  Res. 
April.  1948 


Gilda  and  Goldlrerg  (p.  161)  have  devised 
methods  for  determining  the  size  of  inter- 
proximal  cavities.  The  authors  have  im¬ 
proved  on  Shepherd ’s  method  for  cavity 
area  and  propose  a  method  for  volume 
measurement  by  weighing.  Previously, 
Dahlberg  (J.  D.  Res.  19:  479,  1940),  had 
suggested  volume  studies  in  a  general  way. 
The  methods  suggested  have  value  for 
studies  of  the  progress  of  caries.  However, 
most  caries  control  programs  and  are  aimed 
at  preventing  the  initiation  of  caries,  not  at 
controlling  cavity  size,  and  properly  so. 

A  paper  bj’  Eggers  Lura  appeared  in 
Volume  26  of  the  Journal  of  Dental  Re¬ 
search  and  discus.sed  phosphates  in  saliva. 
Davies  and  Rae,  of  Toronto,  take  i.ssue  with 
.some  of  Lura’s  findings  and  suggest  the  u.se 
of  another  method  for  determination  of  sali¬ 
vary  phosphates.  They  believe  that  the  re¬ 
sults  with  their  method  are  more  uniform 
than  those  of  Eggers  Lura  and  that  their 
organic  phosphate  fraction  is  much  smaller 
than  that  presented  by  him.  In  order  to 
present  a  valid  discussion,  the  note  from 
Davies  and  Rae  was  submitted  to  Dr.  Eg¬ 
gers  Lura,  of  Denmark,  for  reply.  His 
reply  is  published  along  with  the  original 
note.  In  his  reply,  Lura  points  out  that  his 
technic  gives  greater  value  for  inorganic 
phosphate  and,  especially,  for  total  phos¬ 
phate,  and  that  both  procedures  are  open 
to  considerable  experimental  error.  He  does 
not  attempt  to  decide  which  method  is  the 
better  of  the  two.  Such  discussions  are 
sometimes  valuable  contributions.  When 
these  are  valid  and  adequately  presented, 
the  Editor  will  consider  such  communica¬ 
tions  for  publication  in  the  Journal  of 
Dental  Research. 

Klein  and  Kramer  (p.  170)  describe  a 
form  for  recording  and  machine  tabulation 
of  statistical  analyses.  Anyone  who  has 
attempted  to  carry  out  clinical  investiga¬ 
tions  on  a  scientific  basis  realizes  the  value 
of  a  simplified,  rapid,  reproducible  method 
that  does  not  distract  the  examiner  from  his 
task.  The  authors  have  adapted  the  mark 
sense  principle,  using  electrographic  pencils 
and  a  special  machine. 

James  (p.  17.5)  presents  a  subject  which 
has  not  previously  received  consideration  in 
dental  research.  A  careful  study  was  made 
of  1,.319  consecutive  cases  in  which  local 


anesthetics  had  been  given  and  the  data 
were  correlated  with  the  weather  conditions 
in  the  city  of  Beverly  Hills.  The  results 
are  rather  interesting  and  suggest  that 
minor  toxic  manifestations  occur  in  asso¬ 
ciation  with  drops  in  temperature,  and  ab¬ 
normal  anesthetic  reactions  are  associated 
with  temperature  changes.  James  proposes 
that  the  temperature  drop  produces  toxic 
reactions  and  the  temperature  rise  produces 
incomplete  anesthesia.  The  author  points 
out,  in  his  discussion,  that  these  results 
may  be  true  only  for  his  particular  geo¬ 
graphic  area.  It  might  be  well  for  indi¬ 
viduals  in  other  parts  of  the  country  to 
keep  such  records  and  make  comparisons. 
This  study  illustrates  the  fact  that  one  in 
dental  practice  and  without  the  assistance 
of  a  large  clinic  can  carry  out  clinical  re¬ 
search  on  a  statistical  basis  for  profitable 
scientific  evaluation. 

Montelius  (p.  187)  studied  characteristics 
of  the  skull  and  teeth  of  Arikara  and  Hopi 
Indian,  skulls.  He  found  great  similarity 
between  the  teeth  of  the  Arikara  and  Hopi 
group  although  there  were  some  fairly 
marked  variations  in  the  characteristics  of 
the  skulls.  Montelius  suggests  that,  as  far 
as  these  two  groups  are  concerned,  the  den¬ 
tal  patterns  are  conservative  traits.  He 
further  proposes  that  the  dental  patterns 
may  be  used  as  criteria  for  determination 
of  racial  groups.  One  interesting  observa¬ 
tion  of  the  author  is  that  the  American 
Indian  may  have  developed  prominent 
cheekbones  because  he  used  his  anterior 
teeth  to  a  great  extent,  developing  the  mas- 
seter  and  internal  pterygoid  muscle  rather 
than  the  muscle  groups  more  prominently 
developed  in  other  racial  groups. 

Kitchin  and  Robinson  (p.  195)  give  the 
results  of  abrasive  tests  on  nine  widely 
used  commercial  dentifrices  and  ten  experi¬ 
mental  dentifrices.  The  abrasiveness  of 
dentifrices  was  tested  on  the  root  surface 
of  extracted  teeth  and  the  depth  cut  per 
100,000  strokes  determined.  The  abrasive¬ 
ness  of  the  dentifrices  was  quite  marked 
when  measured  on  root  surfaces.  A  table  is 
presented  which  shows  the  period  of  time 
necessary  to  cut  halfway  through  the  cervi¬ 
cal  area  of  an  upper  canine  tooth  with 
available  commercial  dentifrices.  This 
“half-life”  table  suggests  the  need  for 
careful  evaluation  of  dentifrices  before 
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they  are  recommended  to  any  patient  with 
exposure  of  the  cervical  areas  of  the  teeth. 

Glickman  (p.  201),  continuing  a  study 
reported  in  the  February  issue  of  the  Jour¬ 
nal  OP  Dental  Research,  presents  the  ef¬ 
fect  of  acute  vitamin  C  deficiency  on  the 
response  of  periodontal  tissue  to  artificially 
induced  inflammation.  Inflammation  was 
induced  by  application  of  10  per  cent  silver 
nitrate  in  the  gingival  sulci  of  vitamin  C- 
deficient  and  control  guinea  pigs.  Although 
pocket  formation  and  necrosis  resulted  in 
both  the  control  and  the  vitamin  C-deficient 
animals,  the  destructive  changes  in  the  un¬ 
derlying  tissues  were  more  severe  in  the 
vitamin  C-deficient  group.  The  results  of 
this  experiment  suggest  that,  while  vitamin 
C  adequacy  will  not  prevent  inflammation 
from  local  causes,  it  may  aid  in  limiting 
the  destructiveness  of  locally  induced  perio¬ 
dontal  disease. 

Buchbinder  and  Schwartz  (p.  211)  used 
absorbent  points  impregnated  with  3,000 
units  of  crystalline  sodium  penicillin  in  the 
treatment  of  forty-four  cases  of  infected 
root  canals.  Twenty-three  cases  were 
sterilized  with  one  treatment,  six  with  two 
treatments,  and  three  with  three  treatments. 
Nine  cases  required  four  to  six  treatments, 
and  in  three  instances,  penicillin-resistant 
organisms  were  present  and  the  root  canals 
were  not  sterilized  at  all.  The  authors  be¬ 
lieve  that  this  method  offers  an  improve¬ 
ment  in  root  canal  therapy.  They  believe, 
too,  that  the  use  of  penicillin-impregnated 
points  is  preferable  to  other  methods  of 
placing  penicillin  in  the  canal.  They  admit 
that  instances  are  encountered  in  which 
penicillin-resistant  gram-negative  organisms 
are  present.  Buchbinder  and  Schwartz  pro¬ 
pose  gram  stains  of  cultures  as  sufiScient 
for  recognition  of  such  organisms. 

The  proceedings  of  the  Michigan  Confer¬ 
ence  on  dental  caries  control  are  continued 


with  papers  by  Hine  on  prophylaxis,  tooth 
brushing,  and  home  care,  Fosdick  on  the 
degradation  of  sugars  in  the  mouth  and 
menadione,  Kesel  on  the  effectiveness  of 
dentifrices,  mouthwashes,  and  ammonia- 
urea  compounds.  Hill  on  the  use  of  peni¬ 
cillin,  and  Arnold  on  the  effectiveness  of 
ingested  fluorides.  These  studies  together 
with  those  published  in  the  February  issue 
and  those  in  the  forthcoming  June  issue 
will  present  a  rather  complete  story  of  the 
present  status  of  dental  caries  control.  The 
authors  have  carefully  selected  the  chaff 
from  the  wheat  and  present  the  real  food 
in  their  papers.  While  many  of  these  re¬ 
ports  appear  to  have  a  negative  tone,  it 
should  be  remembered  that  there  has  been 
too  much  optimism  surrounding  the  use  of 
some  methods  of  dental  caries  control.  The 
note  of  caution,  which  was  found  through¬ 
out  this  conference,  is  one  which  can  well 
be  injected  into  many  discussions  of  dental 
caries  before  dental  societies  and  in  dental 
journals.  At  the  Michigan  Conference  the 
discussions  were  recorded  by  a  stenographer 
and  are  published  as  edited  by  Dr.  Kenneth 
Easlick,  Dr.  Philip  Jay,  and  the  Editor. 
Only  the  principal  papers  were  submitted 
to  the  authors,  as  it  was  considered  too 
laborious  to  submit  all  discussion  to  the 
many  individuals  concerned  and  it  was  de¬ 
sired  to  present  the  material  as  given  at 
Ann  Arbor  rather  than  with  any  marked 
revisions.  An  effort  has  been  made  to  re¬ 
tain  the  spirit  of  the  conference.  This  has 
resulted  in  inclusion  of  an  occasional  face¬ 
tious  remark  and  the  use  of  short  conver¬ 
sational  phrases  rather  than  literary  con¬ 
tributions. 

In  order  that  everyone  may  know  the  terms 
under  which  the  Journal  is  being  published 
by  The  C.  V.  Mosby  Company  for  the 
I.  A.  D.  R.,  the  formal  contract  is  pub¬ 
lished  on  the  next  two  pages. 
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IN  VITRO  STUDIES  OF  SODIUM  BICARBONATE  IN  RELATION  TO 
CERTAIN  FACTORS  CONCERNED  WITH  DENTAL  CARIES 

ROBERT  J.  BRUCKNER,  D.D.S. 

School  of  Dentistry,  Western  Beserve  University,  Cleveland,  Ohio 

For  many  years  sodium  bicarbonate  has  been  employed  as  a  dentifrice  on  a 
more  or  less  empirical  basis.  An  investiffation  has  been  undertaken  to 
acquire  information  concerning  the  nature  of  the  behavior  of  sodium  bicarbo¬ 
nate  in  relation  to  various  factors  concerned  with  dental  caries.  The  follow¬ 
ing  report  deals  primarily  with  in  vitro  studies  that  have  been  carried  out. 

DIALYSIS  OF  SODIUM  BICARBONATE  THROUGH  BACTERIAL  PLAQUES 

Bacterial  plaques  have  been  of  great  interest  to  investigators  of  dental 
caries.  The  plaque,  it  is  generally  agreed,  is  a  thin,  adherent  film,  white  and 
cloudy  in  appearance,  present  on  improperly  cleansed  tooth  surfaces,  and  con¬ 
sisting  of  microorganisms  and  debris  that  is  primarily  of  organic  nature.  It 
cannot  be  removed  from  the  tooth  surface  by  a  stream  of  water  or  by  gentle 
swabbing,^  but  can  be  removed  from  acces.sible  surfaces  by  vigorous  brushing, 
especially  with  the  aid  of  a  mild  abrasive.® 

Attempts  to  study  dialysis  through  plaques  have  been  made,  various  methods 
being  used  to  obtain  the  plaque  or  plaque  material.  The  plaque  may  be  re¬ 
moved  from  extracted  teeth  by  immersion  of  the  latter  in  dilute  acids,  the  plaque 
thus  allowed  to  fioat  free.  The  structure  obtained  may  be  used  as  a  dialyzing 
membrane,  although  the  difficulty  in  handling  such  a  delicate  film  without  pro¬ 
ducing  minute,  if  not  gross  tears,  is  apparent.  Dobbs®  studied  dialysis  through 
plaques  obtained  in  this  fashion,  and  Pincus*  made  a  similar  study  of  the  per¬ 
meability  of  Nasmyth’s  membrane.  In  addition  to  the  use  of  dilute  acids  to 
remove  these  structures,  they  were  treated  with  other  reagents.  Dobbs  employed 
alum  to  prevent  the  proteins  from  swelling,  whereas  Pincus  removed  the  mucin 
entirely  with  the  aid  of  N/10  NaOH.  Because  of  the  changes  that  these  treat¬ 
ments  bring  about,  it  was  felt  that  such  liberties  should  not  be  taken  with  the 
chemical  and  bacterial  organization  of  the  plaque  if  a  justifiable  in  vitro  study 
is  to  be  made. 

Plaques  have  also  been  “made”  by  suspending,  in  water  centrifuged  parti¬ 
cles  of  material  scraped  from  the  surfaces  of  teeth.®  Such  a  method  does  not  pre¬ 
clude  the  possibility  that  bits  of  calculus,  materia  alba,  or  other  material,  are  col¬ 
lected  with  the  actual  plaque  material.  More  important  is  the  fact  that  the  plaque 
is  not  a  conglomeration  of  large  particles  that  adhere  to  the  teeth,  but  rather,  a 
thin  film  whose  thickness  is  best  measured  microscopically. 

The  manufacture  of  plaques  outside  the  oral  cavity  has  also  been  accom¬ 
plished  with  the  aid  of  an  elaborate  apparatus  designed  to  simulate  the  ebb  and 
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flow  of  saliva,  in  a  study  of  artificially  created  carious  lesions.®  Plaques  have 
been  formed  in  vitro  on  extracted  teeth,  glass  slides,  and  inanimate  smooth  sur¬ 
faced  objects  simply  by  immersing  of  the  object  in  saliva  that  was  changed  at 
daily  intervals.* 

After  consideration  of  the  various  methods  of  study,  the  plan  adopted  was 
to  immerse  sheets  of  cellophane  in  saliva  and  to  deposit  thereon  a  bacterial 
plaque.  Since  cellophane  is  a  dialyzing  membrane,  it  is  a  simple  matter  to 
a.scertain  the  rate  of  dialysis  of  a  solution,  such  as  sodium  bicarbonate,  through 
it,  and  compare  the  amount  of  dialysis  that  takes  place  with  the  amount  that 
occurs  through  a  similar  sheet  of  cellophane  covered  with  plaque.  Any  major 
difference  between  the  rates  of  dialysis  could  be  ascertained  and  attributed  to 
the  presence  of  the  plaque.  Experimentation  with  the  plaque  would  thus  be 
simplified,  drastic  changes  due  to  chemical  treatment  and  mechanical  manipula¬ 
tion  of  the  plaque  would  be  avoided,  and,  in  general,  a  close  duplication  of  natu¬ 
rally  occurring  plaques  would  be  expected. 

METHODS 

1.  Production  of  Plaques. — Sheets  of  cellophane  about  5  cm.  square  were 
immersed  in  saliva  which  was  changed  daily,  and  incubated  at  37  degrees  Centi¬ 
grade.  A  squat,  wide-mouthed  jar  ser\'ed  as  a  container.  Everj’  day  the  sheets 
of  cellophane  were  transferred  to  a  fresh  bottle  which  had  been  filled  with 
sufficient  saliva  (paraffin  stimulated)  to  cover  the  several  sheets  immersed. 
Before  incubation  was  begun,  a  pinch  of  sucrose  was  added  to  the  saliva  to  insure 
nourishment  for  and  growth  of  acidogenie  organisms.  Within  a  few  days  a  thin 
film,  whitish  in  color,  was  readily  seen  to  have  been  developed  on  the  cellophane. 
In  the  present  study,  the  plaque  was  allowed  to  develop,  by  the  method  described, 
for  a  period  of  three  weeks.  The  film  that  resulted  adhered  to  the  eellophane  to 
the  extent  that  fairly  vigorous  rinsing  with  distilled  water  did  not  remove  it, 
although  superficial  debris  washed  away  readily.  The  plaque  could  be  rubbe<'’ 
off  with  the  fingers,  however.  Scrapings  from  the  plaque-covered  cellophane 
that  had  been  rinsed  with  water  were  treated  with  Gram  stain,  and  various 
types  of  organisms  common  to  the  oral  cavity  were  obsen^ed.  Bacilli,  cocci,  and 
thread-like  organisms  were  seen,  as  well  as  yeasts,  the  latter  probably  more 
numerous  than  might  be  expected. 

2.  Dialysis. — The  dialysis  experiments  were  carried  out  as  follows:  A 
glass  tube  was  cut  into  three  lengths  of  about  ten  inches  each.  These  were  sealed 
at  one  end.  The  other  end  of  each  tube  was  fire  polished  to  remove  sharp  edges 
and  produce  a  rounded  lip.  The  diameter  of  the  mouth  of  the  tubes  measure<l 
from  the  crest  of  the  rounded  lip  was  6.9  millimeters.  An  equal  volume  of 
sodium  bicarbonate  solution  w’as  placed  in  the  resi)ective  tubes  and  the  open  end 
of  two  of  the  tubes,  each  covered  with  a  sheet  of  cellophane.  The  sheet  was 
folded  up  against  the  sides  of  the  tul)e  and  firmly  held  in  place  with  a  tightly 
wrapped  rubber  band.  The  mouth  of  the  third  tuln*  was  covered  with  a  sheet 
of  cellophane  on  which  plaque  had  l)een  dejjosited.  The  three  tubes  were  then 
suspended  over  a  beaker  of  running  water  with  just  the  tip  of  the  cellophane- 
covered  end  immersed.  Fig,  1  represents  this  arrangement  with  only  one  of  the 
three  tubes  shown. 
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While  dialysis  was  taking  place,  the  following  procedure  was  carried  out. 
A  volume  of  the  bicarbonate  solution,  equal  to  that  which  had  been  placed  into 
each  tube,  was  titrated  against  approximately  N/10  HCl.  It  is  not  necessary 
to  know  the  exact  concentration  of  the  acid  as  long  as  the  same  solution  of  acid 
is  used  for  the  titrations  before  and  after  dialysis.  Methyl  red  was  used  as  the 
indicator.  The  amount  of  acid  necessary  to  neutralize  the  original  bicarbonate 
solution  was  thus  established.  Dialysis  of  the  bicarbonate  solution  in  the  tubes 
was  stopped  at  a  specific  time  and  the  solution  of  each  tube  w^as  titrated  with 
the  N/10  acid.  On  the  basis  of  the  difference  between  the  volumes  of  acid  used 
before  and  after  dialysis,  the  percentage  of  dialysis  that  occurred  could  be  cal¬ 
culated  readily. 


Fig.  1. — Arrangement  of  apparatus  for  .studying  rate  of  dialysis  of  a  sodium  bicarbonate  solu¬ 
tion  through  a  membrane.  Diagrammatic. 


Titration  of  the  original  bicarbonate  solution  was  carried  out  at  least  two 
times.  In  titrating  after  dialysis,  the  bicarbonate  solution  was  poured  from 
its  tube  into  a  beaker,  a  procedure  which  leaves  some  bicarbonate  adherent  to 
the  tube  walls.  When  the  end  point  w’as  nearly  reached,  therefore,  the  solution 
w’as  poured  back  into  the  tube  to  wash  it  clean  of  bicarbonate,  and  the  titration 
w^as  then  continued  in  the  beaker  once  again.  It  was  determined  that  a  small 
amount  of  the  bicarbonate  is  lost  through  adherence  to  the  tube  and  cellophane. 
This  loss  amounts  to  betw'een  0.5  and  0.9  per  cent. 

DISCUSSION 

The  first  row'  of  figures  in  Table  I  indicates  that  2.0  c.c.  of  a  0.5  molar  solu¬ 
tion  of  sodium  bicarbonate  w’as  neutralized  by  9.70  c.c.  of  acid  before  dialysis 
After  2.0  c.c.  had  been  dialyzed  for  180  minutes  through  plaque-covered  cello- 
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phane  (indicated  as  “plaque”  in  the  table),  6.70  c.c.  of  acid  were  necessary 
to  bring  about  neutralization,  which  indicates  that  30.9  per  cent  less  acid  was 
required  for  the  latter  titration  or  connotes  that  30.9  per  cent  of  the  bicarbonate 
dialyzed  through  the  membrane.  In  comparison,  the  solution  that  was  allowed 
to  dialyze  through  cellophane  alone  for  the  same  length  of  time  (and  which  is 
listed  as  “control”  in  Table  I)  required  only  5.70  c.c.  of  acid  to  complete  the 
titration.  To  ascertain  whether  the  difference  between  6.7  and  5.7  is  simply 
within  experimental  error  or  whether  the  difference  is  definitely  due  to  the 
presence  of  the  plaque,  is  the  purpose  of  the  second  control.  It  will  be  noticed 
that,  in  this  case,  the  amount  of  dialysis  that  took  place  through  the  cellophane 
membrane  covering  the  control  tubes  was  41.2  and  43.3  per  cent,  respectively,  a 
difference  of  2.1  per  cent,  whereas  the  difference  between  the  controls  and  the 
plaque-covered  cellophane  is  10.3  per  cent  and  12.4  per  cent,  respectively.  In 
all  cases,  the  least  amount  of  dialysis  took  place  through  the  plaque-covered 
cellophane. 

Table  I 

Comparison  of  Amount  op  Sodium  Bicarbonate  That  Dialyzes  Through  Cellophane 
Membrane  and  Through  Plaque-Covered  Cellophane  Membrane; 

Diameter  of  All  Membranes,  6.9  mm. 


SOLUTION 

DURATION 

OP 

DIALYSIS 
(  MINUTES) 

VOLUME 

OP 

SOLUTION 

(C.C.) 

NUN 

BEFORE 

DIALYSIS 

IBER  OP  C.C.  ACID 

AFTER 

DIALYSIS 

% 

DIALYZED 

.5  M 

180 

2.0 

9.7 

plaque 

6.70 

30.9 

control 

5.70 

41.2 

control 

5.50 

43.3 

-1.5  M 

20 

2.0 

11.1 

plaque 

9.90 

10.8 

control 

9.50 

14.4 

control 

9.20 

17.1 

.5  M 

28 

2.0 

9.7 

plaque 

8.95 

7.7 

control 

8.60 

11.3 

control 

8.65 

10.8 

.5  M 

32 

2.0 

9.7 

plaque 

8.95 

7.7 

control 

8.50 

12.4 

Saturated  solution 

30 

2.0 

25.7 

plaque 

22.75 

11.5 

control 

21.90 

14.8 

control 

20.60 

19.8 

Saturated  solution 

30 

1.0 

12.3 

plaque 

10.50 

14.6 

control 

9.80 

20.3 

control 

9.65 

21.5 

It  will  be  observed  that  the  time  of  dialysis  is  relatively  short,  varjing  from 
twenty  to  thirty-two  minutes,  with  the  exception  of  the  180-minute  experiment. 
The  reason  for  carrying  out  the  dialysis  for  this  short  span  of  time  is  associated 
with  determinations  made  in  the  oral  cavity,  with  the  aid  of  an  antimony  elec¬ 
trode,  of  the  length  of  time  that  bicarbonate  is  retained  in  the  mouth  and  exerts 
its  maximum  alkaline  effect. 

It  may  be  concluded  from  these  experiments  that  sodium  bicarbonate  will 
dialyze  through  bacterial  plaques  but  that  there  is  some  inhibition  of  the  rate  of 
dialysis.  The  evidence  here  presented  does  not  establish  the  absolute  rate  of 
dialysis  through  the  plaque,  for  the  actual  rate  is  governed  by  the  cellophane  on 
which  the  plaque  is  deposited.  It  is  believed  significant,  however,  that  the 
amount  of  dialysis  is  less  through  a  plaque-covered  sheet  of  cellophane  than 
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through  a  similar  sheet  of  eellophane,  of  equal  dialyzing  area,  that  is  free  of 
plaque  material. 

It  is  felt  that  this  method  of  studying  plaques  offers  an  opportunity  to  delve 
further  into  the  sugar  chemistry  of  these  bacterial  films,  as  well  as  to  study 
certain  physical  phenomena.  An  investigation  is  under  way  which,  it  is  hoped, 
will  shed  more  light  on  the  role  of  the  plaque  and  its  bacterial  inhabitants  in  the 
process  of  dental  caries. 

EFFECTS  OF  SODIUM  BICARBONATE  ON  ORAL  ACIDOPHILUS 

To  determine  the  effect  sodium  bicarbonate  might  have,  above  and  beyond 
that  of  alkalinity,  on  the  production  of  lactic  and  other  acids  by  L.  acidophilus 
in  a  carbohydrate  broth  medium,  the  following  experiment  was  carried  out. 

MCTHODS 

A  dextrose  broth  was  employed  (“Difco”  Bacto-Dextrose  Broth,  Special) 
which,  after  preparation  and  autoclaving,  has  a  pH  of  4.9.  The  broth  was 
divided  into  5.0  c.c.  portions  and  these  were  adjusted  to  various  pH  levels  as 
indicated  in  Table  II,  using  sodium  bicarbonate  on  the  one  hand  and  sodium 


Table  II 

Amount  of  Acid  Produced  by  L.  Acidophilus  in  Culture  Broth  Adjusted  to  Various  pH 
Le\’els  With  Sodium  Bicarbonate  and  Sodium  Hydroxide 


24  HOURS 

48  HOURS 

initial 

SOD. 

BICARB. 

SOD. 

HYDROX. 

SOD. 

BICARB. 

SOD.  : 

HYDROX. 

pH 

TYPE  1 

1  TYPE  2 

TY'PE  1 

1  TYPE  2 

TYPE  1 

1  TYPE  2 

TYPE  1 

1  TYPE  2 

8.0 

8.4 

9.1 

7.4 

7.5 

8.9 

9.4 

7.6 

7.5 

NaOH 

_ 

_ 

0.25 

0.2 

_ 

_ 

0.15 

0.2 

7.7 

8.9 

8.9 

7.3 

7.5 

9.1 

8.8 

7.4 

7.3 

C.C. 

NaOH 

— 

_ 

0.1 

0.1 

0.1 

0.1 

7.4 

8.4 

8.0 

7.0 

7.1 

5.4 

8.0 

5.6 

6.9 

NaOH 

— 

_ 

0.05 

0.1 

0.4 

_ 

0.3 

0.1 

7.1 

8.2 

8.1 

6.5 

6.7 

8.8 

9.0 

4.7 

4.1 

c.c. 

NaOH 

0.15 

0.17 

1.0 

n.r.* 

7.0 

8.3 

7.7 

6.4 

6.7 

8.5 

8.3 

4.7 

6.7 

c.c. 

NaOH 

0.1 

0.15 

1.0 

0.05 

6.2 

4.3 

5.8 

4.6 

5.9 

4.0 

6.0 

4.8 

5.9 

c.c. 

NaOH 

0.6 

0.05 

0.4 

0.75 

0.95 

0.05 

0.9 

0.05 

.5.6 

4.5 

5.4 

4.9 

5.5 

3.6 

5.3 

4.0 

5.3 

c.c. 

NaOH 

0.6 

0.05 

0.4 

2.0 

0.05 

1.2 

0.05 

4.9* 

4.1 

5.0 

4.1 

5.0 

4.1 

4.9 

4.1 

4.9 

c.c. 

NaOH 

0.35 

- 

0.35 

- 

0.45 

- 

0.45 

- 

The  pH  of  the  broth  ie  4.9  when  made  up  as  directed.  Neither  sodium  bicarbonate  nor 
sodium  hydroxide  was  added  to  the  portions  tested  at  this  pH  level. 

'Indicates  no  reading. 


hydroxide  on  the  other.  L.  acidophilus  of  types  1  and  2  were  used.  The  ad¬ 
justment  of  the  pH  of  the  broth  with  sodium  bicarbonate  was  complicated  by 
the  fact  that  autoclaving  the  broth  thus  adjusted  apparently  produced  some 
sodium  carlionate  and  liberated  carbon  dioxide  to  the  extent  that  the  pH  of  the 


V'olum*  27 
Number  2 


SODIUM  BICARBONATE  AND  DENTAL  CARIES 


133 


broth  was  raised  to  about  9.  The  broth  was,  therefore,  sterilized  first  and  ad¬ 
justed  afterward  by  the  addition  of  a  measured  amount  of  sodium  bicarlnmate 
solution  to  each  5  c.c.  portion  of  medium,  the  quantity  to  be  added  having  been 
detenuined  previously  by  trial  adjustments.  In  addition  to  the  possibility  of 
contamination,  such  a  procedure  introduces  a  pipetting  error,  which,  however,  is 
believed  to  be  not  greater  than  ±  0.1  of  a  pH  unit. 

The  various  5  c.c.  portions  of  broth  were  then  inoculated  with  either  the 
type  1  or  2  L.  acidophilus  and  the  tubes  containing  this  inoculated  medium 
were  divided  into  two  groups  which  were  then  incubated  at  37  degrees  C.  for 
twenty-four  and  forty-eight  hours,  respectively.  At  the  end  of  the  indicated 
time  the  pH  of  the  cultures  was  determined  and  the  extent  of  acidogenesis 
established.  The  latter  was  carried  out  by  titrating  with  N/10  sodium  hydrox¬ 
ide,  bringing  the  pH  of  each  culture,  in  which  acid  formation  had  taken  place, 
back  to  its  original  level.  The  relative  quantity  of  acid  formation  that  took 
place  is  shown  in  Table  II  below*  the  corresponding  pH  reading,  on  the  lines 
labelled  “c.c.  NaOH.”  At  the  end  of  twenty-four  hours  5  c.c.  of  a  bicarbonate- 
adjusted  broth  with  an  initial  pH  of  6.2  and  inoculated  with  type  1  L.  aci¬ 
dophilus,  gave  a  pH  reading  of  4.3  and  required  0.6  c.c.  of  N/10  NaOH  to 
return  the  pH  to  6.2. 

The  organisms  were  inoculated  from  stock  cultures  with  a  platinum  loop 
wire  so  that  the  number  of  organisms  introduced  to  each  5  c.c.  portion  of  broth 
was  approximately  the  same. 


DISCUSSION 

The  results  of  this  experiment,  tabulated  in  Table  II,  can  be  summarized 
briefly  if  the  media  be  divided  into  two  groups:  (1)  the  tubes  of  broth  adjusted 
to  an  initial  pH  below  7.0,  and  (2)  the  broth  adjusted  to  an  initial  pH  at  or 
above  7.0.  In  the  lower  pH  ranges  the  sodium  bicarbonate  showed  a  slightly 
smaller  inhibitory  effect  on  acidogenesis  than  did  the  sodium  hydroxide.  In 
the  higher  ranges  the  bicarbonate  apparently  evolved  carbon  dioxide  and  under¬ 
went  other  changes  so  that  a  strongly  alkaline  reaction  resulted  which  counter¬ 
acted  any  acid  formation  that  may  have  occurred.  It  must  be  obseiw'ed,  how¬ 
ever,  that  in  those  portions  of  broth  which  had  been  adjusted  to  alkaline  levels 
writh  sodium  hydroxide  the  amount  of  acid  production  was  very  slight.  This 
is  to  be  expected  since  the  optimum  pH  for  these  organisms  is  in  the  range  of 
almut  5.0  to  6.5.  It  may  be  concluded  from  this  that  the  inhibition  of  acid 
production  by  sodium  bicarbonate,  at  pH  levels  that  are  optimum  for  L.  aci¬ 
dophilus,  is  no  greater  than  that  of  an  alkaline  agent  such  as  sodium  hydroxide. 

To  ascertain  the  effects  of  sodium  bicarbonate  on  the  growth  of  L.  aci¬ 
dophilus  in  vitro,  a  culture  of  the  organisms  was  spread  on  the  surface  of 
Kulp’s  tomato  juice  agar 'medium  (pH  5),  and  three  wells  were  cut  in  the  agar 
plate.  Into  two  of  the  wells  0.2  c.c.  of  0.5  molar  sodium  bicarbonate  and  sotlium 
hydroxide  solutions  were  introduced,  resiiectively.  Into  the  third  well  0.5  molar 
sodium  carbonate  was  introduced,  the  same  volume.  0.2  c.c.,  being  employed. 
After  incubating  for  twenty-four  hours,  the  plate  was  examineil  and  it  was 


ROBERT  .1.  BRUCKNER 


observed  that  tliere  was  an  area  around  the  rim  of  each  well  which  was  free 
of  organisms.  The  diameter  of  the  wells  was  8.7  millimetei*s.  The  diameter 
of  the  well  plus  the  clear  area  around  it  was  as  follows : 


Sodium  bicarbonate 
Sodium  hydroxide 
Sodium  carbonate 


As  a  matter  of  interest,  other  alkalis  were  tested  similarly,  all  solutions 
being  0.5  molar.  The  diameter  of  the  wells  was  8.4  mm.,  except  the  well  con¬ 
taining  ammonium  carbonate  which  had  a  diameter  of  8.8  millimeters. 

The  diameter  of  well  plus  clear  area  was  as  follows: 


Potassium  bicarbonate 
Ammonium  phosphate  (dibasic) 
Sodium  phosphate  (dilmsic) 
Ammonium  carbonate 


DISCUSSION 

It  is  dilheult  to  ascertain  to  what  extent  pH,  diffusion  of  the  solutions 
through  the  agar,  and  any  specific  inhibitory  effect  of  a  given  solution,  prevent 
bacterial  growth.  Perhaps  greatest  weight  should  be  placed  on  the  pH  changes 
that  occur. 


Fig.  2. — Photograph  of  areas  of  , 
lTn<-  reagents  as  in< 


Towth  inhibition  around  wells  in  agar  plates  fllled  with  alka- 
icated.  The  organism  is  type  II  L.  acidophihtif. 


In  the  photographs  of  these  plates  (Fig.  2)  the  pH  of  the  respective  solu¬ 
tions  is  indicated,  but  this  pH  is  jirobably  altered  when  it  comes  into  contact 
with  the  agar  mtHlium.  The  pH  is  again  altered,  especially  in  the  case  of  the 
carlxmates,  during  incubation.  This  was  a.scertained  by  determining  pH  changes 
that  occurred  in  incubated  sterile  broth  to  which  0.2  c.c.  of  0.5  molar  solutions 
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of  the  previously  mentioned  reafjents  had  been  added.  The  findings  are  briefly 
tabulated  as  follows; 


Pit  OF 

PH  OF  BROTH 
PLUS  SOI.UTIO.N 

PH  OF  BRWri 

PLUS  SOLUTION 

ORIOINAI, 

BEFORE 

AFTER 

0.5  M  .SOI.I  TIO.N 

SOI.rTION 

INCUBATION 

INCUBATION 

.Sod.  bicarbonate 

8.4 

6.4 

7.2 

.Sod.  carbonate 

11.0 

7.5 

8.0 

Sod.  hydroxide 

11.7 

7.6 

7.1 

A  mm.  carbonate 

8.7 

7.5 

7.9 

Amm.  phosphate,  dibasic 

7.9 

6.6 

6.5 

Sod.  phosphate,  dibasic 

8.8 

6.7 

6.6 

While  this  procedure  does  not  precisely  dui)licate  the  conditions  that  pre¬ 
vail  in  the  wells,  it  indicates  the  nature  of  the  pH  changes.  It  will  be  noted 
that  the  carbonate-adjusted  broth  tends  to  rise  in  pH  during  incubation, 
whereas  the  other  reagents  remain  at  approximately  the  same  pH  levels  with  a 
tendency  to  decrease. 

In  extending  these  findings  to  the  oral  cavity,  it  is  interesting  to  note  that 
in  eighteen  individuals  studietl,  the  L.  acidophilus  counts  showed  a  general 
trend  downward  at  the  end  of  two  months  during  which  sodium  bicarbonate 
was  used  as  a  dentifrice.  The  acidophilus  counts  were  reduced  or  maintained 
at  zero  over  a  period  of  six  months  in  a  group  of  nine  individuals  similarly 
studied. 

It  may  be  concluded  from  these  experiments  that  so<lium  bicarbonate  in¬ 
hibits  the  gi’owth  of  L.  acidophilus  in  vitro,  and  there  appears  to  be  a  correla¬ 
tion  between  this  inhibition  and  the  changes  in  alkalinity  that  occur  in  the 
course  of  incubation. 

SUMMARY 

Adherent,  cloudy  films  of  plaque-like  nature  have  l)een  dei)osited  on  .sheets 
of  cellophane  and  their  effects  on  the  rate  of  dialysis  of  sodium  bicarbonate 
through  the  cellophane  have  been  studied.  The  plaques  slightly  inhibit  but 
do  not  prevent  the  passage  of  the  bicarbonate  through  the  membrane. 

The  effect  of  sodium  bicarbonate  on  acid  production  and  growth  of  L.  aci¬ 
dophilus  has  been  studied  in  vitro.  Inhibition  of  growth  occurs  which,  it  is 
believed,  can  be  attributed  in  great  measure  to  pH  changes  that  occur  in  the 
media.  However,  reference  is  made  to  a  limited  number  of  individuals  whose 
L.  acidophilus  count  was  reduced  or  maintained  negative  during  two-  and  six- 
month  periods  in  which  sodium  bicarlwnate  was  employe<i  as  a  dentifrice. 

The  investigator  wishes  to  acknowledge  his  indebtedness  to  Dr.  Thomas  J.  Hill  whose 
advice  and  guidance  were  so  generously  proffered  throughout  the  investigation. 

RKFF.RKNCF5S 

1.  Miller,  B.,  Muntz,  J.,  and  Bradel,  S. ;  Decomposition  of  Carlwhydrate  Substrates  by  Dental 

Plaque  Material,  J.  D.  Res.  19:  47.1,  1940. 

2.  Chase,  S.  W.:  The  Origin,  Structure,  and  Duration  of  Nasmyth’s  Membrane,  Rtc. 

33:  .168,  1926. 

3.  Dobbs,  E.  C.:  Local  Factors  in  Dental  Caries,  J.  P.  Res.  12:  853,  1932. 

4.  Pincus,  P. :  Nasmyth’s  Membrane:  Structure  and  Permeability,  Brit.  P.  J.  63:  139,  1937. 

5.  Muntz,  J.,  and  Miller,  B.:  Factors  InHuencing  Penetration  of  Synthetic  Detergents  and 

Certain  Other  Compounds  Into  Dental  Plaque  Material,  J,  P.  Res.  22  :  73,  1943. 

6.  Dietz,  V.  H.:  Production  of  Plaques  in  Vitro,  J.  j.  P.  .4.  31;  707,  1944. 


1 


THE  ROLE  OF  OXALATES  ON  TftE  INCIDENCE  AND 
EXTENT  OF  DENTAL  CARIES  IN  THE  COTTON  RAT 
(SIGMODON  HISPIDUS  HISPIDUS) 

S.  R.  HOWELL,  D.M.D.,  C.  A.  SCHLACK,  D.D.S.,  B.  L.  TAYLOR, 

AND  V.  J.  BERZIN8KAS 

INTRODUCTION 

OUR  previous  studies  with  oxalates  in  relation  to  acid  beverages'  led  us  to 
explore  the  possible  role  of  dietary  oxalates  in  connection  with  tooth  decay. 
Several  experiments  were  performed  using  white  rats  on  a  coarse  com  meal 
diet  with  varying  amounts  of  oxalates  in  the  food  and  water.  Our  data  in¬ 
dicated  that  oxalates  had  no  effect  on  dental  caries  in  these  animals.® 

Through  the  work  of  Shaw,  Schweigert,  Elvehjem,  and  their  collabora¬ 
tors,®"'®  our  attention  was  turned  to  the  use  of  the  cotton  rat  for  similar  studies. 
White  rats  are  susceptible  to  caries  on  a  coarse  com  meal  diet,  whereas  cotton 
rats  are  susceptible  to  caries  on  a  sugar  diet.  It  was  felt  that  by  using  the 
cotton  rat  the  species  and  dietary  differences  would  help  substantiate  the  results 
already  obtained  from  the  use  of  oxalates  in  the  diet  of  the  white  rat. 

1 

PROCEDURE 

Fifty-one  weanling  litter  mate  cotton  rats  (Group  I)  were  placed  on  a 
sugar  caries-producing  diet  with  the  addition  of  4  per  cent  liver  extract  em¬ 
ployed  by  Shaw,  Schweigert,  Mclntire,  Elvehjem,  and  Phillips.*  They  were 
divided  into  three  equal  subgroups  (A,  B,  and  C)  in  such  a  manner  that  a  rat 
in  subgroup  A  had  a  litter  mate  in  subgroups  B  and  C.  Subgroup  A  (control) 
drank  only  distilled  water,  and  subgroups  B  and  C  received,  respectively,  0.02 
per  cent  and  0.22  per  cent  potassium  oxalate  in  distilled  water  to  drink  ad 
libitum.  This  dietary  was  maintained  for  a  period  of  fourteen  weeks  which  is 
the  time  required  to  produce  the  desired  degree  of  dental  caries. 

During  the  course  of  this  experiment  twenty-one  of  the  fifty-one  rats  died. 
Post-mortem  examination  revealed  hair  balls  in  the  stomach  (trichobezoars)  as 
the  probable  cause  of  death.  Following  a  suggestion  by  McCay,"  10  per  cent 
by  weight  of  cellulose  was  then  added  to  the  caries-producing  diet.  This  pre¬ 
vented  the  formation  of  hair  balls  and  eliminated  the  mortality. 

Group  II,  consisting  of  fifteen  rats,  received  the  same  basic  caries-producing 
diet  but  with  the  10  per  cent  by  weight  of  cellulose  added.  These  rats  were 
similarly  divided  into  three  equal  subgroups  (A,  B,  and  C)  of  five  rats  each. 
Subgroup  A  (control)  drank  only  distilled  water,  subgroup  B  drank  distilled 
water  with  the  addition  of  .0002  per  cent  potassium  oxalate,  and  subgroup  C 
drank  distilled  water  with  the  addition  of  .002  per  cent  potassium  oxalate. 
These  animals  likewise  were  kept  on  this  diet  for  a  period  of  fourteen  weeks. 

Project  X-41S.  Report  No.  7,  Naval  Medical  Research  Institute,  National  Naval  Medical 
Center.  Etethesda,  Md. 

The  opinions  or  conclusions  contained  in  this  report  are  those  of  the  authors.  They  are 
not  to  be  construed  as  necessarily  reflectlnK  the  views  or  the  endorsement  of  the  Navy  De¬ 
partment. 
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All  sixty-six  rats  were  kept  under  identical  environmental  conditions,  the 
temperature  and  humidity  of  the  animal  laboratorj'  being  constant  throughout 
the  experimental  period. 

At  the  end  of  the  experiment  all  surviving  rats  were  weighed  and  autopsied. 
The  jaws  were  prepared  and  examined  for  dental  caries  in  a  manner  described 
by  a  previous  report.^* 

The  results  of  the  caries  examination  w’ere  tabulated,  but  only  those  litter 
mates  of  Group  I  that  survived  the  entire  fourteen  weeks  were  used  for  evalua¬ 
tion.  Using  these  data,  an  analysis  of  variance”’  ”  was  made  within  groups  I 
and  II  to  show'  the  effect  of  oxalates  on  caries  incidence  and  extent,  and  w'eight 
gains.  Similarly,  an  analysis”  was  made  to  assess  any  effect  of  the  cellulose 
on  dental  caries  incidence  and  extent. 

RESULTS 

Of  the  fifty-one  rats  in  Group  I  only  thirty  lived  the  full  fourteen  weeks, 
and  of  these  thirty  only  six  control  rats  (subgroup  A)  had  surviving  litter 
mates  in  the  other  two  subgroups  (B  and  C),  leaving  a  total  of  eighteen  rats 
for  evaluation  of  caries  incidence  and  extent  (Table  I).  All  fifteen  rats  of 
Group  II  lived  the  entire  fourteen  weeks  remaining  healthy  and  showing  sub¬ 
stantial  weight  gains  (Table  I). 

In  Table  I,  subgroups  A,  B,  and  C  of  Group  I  showed  a  mean  caries  in¬ 
cidence  varying  betw'een  14.8  and  20.8  with  a  mean  caries  extent  betw’een  a  total 
score  of  24.8  and  39.7.  The  mean  weight  gain  of  these  subgroups  ranged 
betw'een  44.7  and  64.3  grams.  Subgroups  A,  B,  and  C  of  Group  II  showed  a 
mean  caries  incidence  ranging  between  14.0  and  23.8  with  a  mean  caries  extent 
between  a  total  score  of  25.8  and  66.4.  The  mean  weight  gain  of  these  sub¬ 
groups  ranged  between  79.0  and  82.4  grams. 

By  applying  an  analysis  of  variance  (Table  II)  to  the  data  shown  in  Table 
I  it  may  be  seen  that  no  significant  difference  could  be  found  in  caries  incidence 
and  extent  or  weights  gained,  indicating  a  lack  of  influence  of  the  oxalates  in 
the  drinking  water  on  either  Group  I  or  Group  II. 

To  determine  whether  or  not  the  cellulose  had  any  effect  on  the  incidence 
or  extent  of  dental  caries  an  analysis  betw'een  subgroup  A  of  Group  I  and  sub¬ 
group  A  of  Group  II  was  made  in  a  manner  outlined  in  a  previous  report.* 
Subgroups  A  of  Groups  I  and  II  w'ere  comparable  except  for  dietary  cellulose 
in  subgroup  II  A.  From  the  analysis  of  the  data  (Table  III)  it  is  evident  that 
there  was  no  significant  difference  in  the  incidence  and  extent  of  dental  caries. 
This  w'ould  seem  to  indicate  that  the  cellulose  played  no  role  in  the  caries  picture. 

DISCUS.SION 

Our  dental  caries  experiments  with  white  rats  on  a  corn  meal  diet*  showed 
that  the  oxalates  apparently  played  no  role  in  the  incidence  and  extent  of  carious 
lesions.  It  was  felt  that  these  results  might  have  been  typical  only  of  that 
species  of  rat  on  that  particular  type  of  caries-producing  diet.  This  led  to  the 
use  of  the  cotton  rat  which  developed  carious  lesions  on  a  synthetic  diet  con¬ 
sisting  chiefly  of  sugar.  Here  again,  however,  oxalates  seem  to  have  no  influ¬ 
ence  on  the  incidence  and  extent  of  caries.  Since  no  significant  differences 
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were  found  in  the  incidence  and  extent  of  dental  caries  between  the  groups 
receiving  oxalates  and  those  receiving  no  oxalates  it  may  be  assumed  that  either 
there  was  no  real  difference  or  the  groups  used  were  too  small  to  reveal  a  differ¬ 
ence,  if  one  existed. 

Cellulose  apparently  does  not  influence  the  development  of  caries,  but 
this  substance  evidently  is  required  by  the  cotton  rat  as  inert  dietary  material.” 

There  was  some  question  as  to  whether  the  oxalates  added  to  the  water  had 
a  detrimental  effect’*  on  the  cotton  rat  or  had  been  a  contributing  factor  in  the 
premature  deaths  in  Group  I.  As  may  be  seen  in  Tables  I  and  II,  however,  it 
appears  that  the  mortality  rate  of  the  control  rats  was  as  high  as  those  receiving 
oxalates  in  Group  I. 

SUMMARY  AND  CONCLUSIONS 

1.  Varying  amounts  of  potassium  oxalate  in  the  drinking  water  of  cotton 
rats  on  a  caries-producing  synthetic  diet  apparently  had  no  effect  on  the  in¬ 
cidence  or  extent  of  carious  lesions. 

2.  Cellulose  added  to  the  diet  for  the  prevention  of  trichobezoar  formation 
apparently  did  not  influence  caries  incidence  or  extent. 

The  authors  give  grateful  acknowledgment  to  John  P.  Flynn,  Ph.I).,  and  L.  J.  Gerende, 
CPh.M,  USN,  for  their  valuable  assistance  in  the  statistical  analysis  of  the  data. 
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SODIUM  FLUORIDE  REAGENT  CONCENTRATION  AND 
POWDERED  ENAMEL  SOLUBILITY 


JOSEPH  C,  MUHLER,  B.S.,  AND  GRANT  VAN  HUYSEN,  D.D.S, 

Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

INTRODUCTION 

ONE  of  the  phases  of  tooth  decay,  that  is,  cavitation,  for  a  long  time  has 
been  assumed  to  be  a  dissolution  of  the  tooth  mineral  material  by  a  weak 
organic  acid,  presumably  lactic  acid.  Although  direct  experimental  proof  of 
the  assumption  is  lacking,  it  is  difficult  to  see  at  present  how  it  could  be  other¬ 
wise.  The  effect  of  fluorine  in  caries  inhibition  in  human  beings  in  the  clinic 
and  albino  rats  in  the  laboratorj"  has  added  to,  rather  than  detracted  from,  this 
assumption.  This  is  particularly  true  since  laboratory  studies  have  demon¬ 
strated  that  the  mechanism  of  the  effectiveness  of  fluorides  may  be  through 
change  in  solubility  of  the  tissues  involved  in  the  disease.^'^ 

The  effect  of  fluorine  upon  the  solubility  of  calcium  phosphates  had  been 
studied  previous  to  the  time  when  fluorine  first  became  recognized  as*  an 
inhibitor  of  tooth  decay.®  On  the  basis  of  work  carried  out  with  respect  to  the 
effect  of  fluorine  on  phosphate  and  bone  solubility,  it  was  even  predicteil  that 
fluorine  might  reduce  the  solubility  of  dental  tissues.  Volker®  first  demonstrated 
that  fluorine  did  affect  tooth  tissue  solubility.  Buonocore  and  Bibby^  demon¬ 
strated  that  certain  reagents  other  than  sodium  fluoride  reduced  enamel  solu¬ 
bility  and  that  the  effect  varied  with  different  reagents.  This  point  was  further 
emphasized  by  work  done  by  Muhler  and  Van  Iluysen.® 

As  to  the  optimum  concentration  of  the  fluoride  solutions  used  clinically 
in  the  inhibition  of  tooth  decay  and  in  the  laboratory  studies  of  enamel  solu¬ 
bility,  there  is  no  unanimity  of  opinion.  Most  clinical  investigators  use  one  or 
two  per  cent  solutions  of  sodium  fluoride  and  believe  that  the  latter  is  about 
as  high  a  concentration  as  is  safe  to  use  with  topical  methods  of  application. 
In  most  of  the  in  vitro  studies  of  enamel  solubility,  a  concentration  of  1/500 
reagent  solution  has  been  used. 

In  addition  to  the  question  of  fluoride  concentration  of  reagent  solutions, 
there  is  also  the  problem  of  correct  pH  of  these  protecting  reagent  solutions. 
It  was  Bibby®  who  first  pointed  out  that  acidulated  reagent  .solutions  were  more 
effective  in  reducing  enamel  solubility  than  were  those  at,  or  around,  a  neutral 
pH.  In  his  measurements  of  the  effectiveness  of  various  enamel  .solubility 
reducing  reagents,  he  used  a  pH  of  4.0. 

It  is  proposed  that  in  tl^is  study  the  effectiveness  in  reducing  enamel  solu¬ 
bility  of  various  reagent  solution  concentrations  be  examined.  Since  sodium 
fluoride  is  the  reagent  solution  most  commonly  used  to  inhibit  tooth  decay  and 
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to  reduce  powdered  enamel  solubility  in  laboratory  experiments,  it  was  decided 
that  this  reagrent,  buffered  and  unbuffered,  be  used  in  this  study. 

PROCEDURE 

Preparation  of  Reagent  Sohitions. — The  first  step  in  this  study  was  the 
jireparation  of  nine  buffered  and  unbuffered  sodium  fluoride  reagent  solutions 
at  concentrations  of  0.2,  0.5,  1.0,  1.5,  2.0,  2.5,  3.0,  3.5,  and  4.0  per  cent  (Table 
I).  These  reagents  were  made  by  placing  the  calculated  amounts  of  sodium 
fluoride  in  nine  flasks  and  adding  sufficient  water  to  make  a  total  volume  of 
500  millimeters.  After  the  pll  of  each  of  these  solutions  was  measured,  the 
nine  500  ml.  .solutions  were  divided  equally  and  one  250  ml.  portion  in  each 
instance  had  added  to  it  5  ml.  of  IIAC.  The  250  ml.  acidulated  portions  were 
used  as  the  buffered  solutions;  the  untreated  250  ml.  portions  were  used,  of 
course,  as  the  unbuffered  solutions.  The  sodium  fluoride  was  Merck’s  reagent 
quality. 

I.  Enamel  Solubility  Standard. — This  study  is  arranged  to  show  the  degree 
with  which  reagent  solutions  (sodium  fluoride)  of  different  concentration  and 
pH  protect  or  reduce  the  solubility  of  tooth  enamel.  The  basis  for  such  a  com¬ 
parison  is  the  average  solubility  of  the  sample  of  powdered  tooth  enamel  used 
in  the  study.  This  average  for  comparison  was  obtained  by  determining  the 
solubility  of  0.1000  Gm.  of  the  powdered  enamel  in  25  ml.  of  acetate  buffer 
adjusted  to  a  pH  of  4.0. 

A  variety  of  the  Royal  Berlin  crucible  known  as  the  Selas  filtering  crucible 
was  used  to  contain  the  acid  and  powdered  enamel.  The  pore  size  of  the  filter 
l)eds  of  the  crucibles  used  was  estimated  to  be  about  seven  microns.  The  cru¬ 
cibles  placed  in  a  porcelain  dish  for  insulation  were  heated  over  a  Meker  burner 
to  establish  a  constant  weight  and  were  stored  in  a  desiccator  until  ready  for 
use.  Into  each  tared  crucible  there  was  weighed  0.1000  Gm.  of  powdered 
enamel  that  w'as  prepared  by  the  method  of  Manly  and  Hodge.^®  A  uniform 
particle  size  was  obtained  in  a  manner  described  in  a  previous  papers*  This 
enamel  w’as  then  treated  with  25  ml.  of  the  0.2M  acetate  buffer  prepared  from 
glacial  acetic  acid  and  adjusted  to  a  pH  4.0  with  IN  NaOH.  The  contents  of 
each  crucible  were  stirred  for  forty  minutes  at  room  temperature.  Any  re¬ 
maining  debris  was  removed  from  the  stirring  rod  by  a  few  milliliters  (constant 
volume  in  each  instance)  of  distilled  water.  Each  crucible  was  taken  to  a 
suction  filter  and  the  liquid  phase  removed.  The  crucible  contents  were  then 
washed  with  a  few  milliliters  of  distilled  water  (constant  volume)  and  the  wash¬ 
ings  removed  by  suction.*  The  crucibles  were  then  dried  at  70°  C.  for  three 
hours,  placed  in  a  desiccator  for  six  hours,  and  reweighed.  A  similar  procedure 
for  drying  and  desiccating  was  followed  until  no  greater  variance  than  0.0001 
— 0.0002  Gm.  was  encountered  in  each  crucible.  This  procedure  was  repeated 
with  additional  ciucibles  until  data  from  twelve  such  tests  were  available.  This 
part  of  the  procedure  tested  the  solubility  of  powdered  enamel  before  treatment 

•Special  precaution.*!  were  taken  in  an  attempt  to  rinse  all  crucibles  with  the  .same  amount 
of  distilled  water,  for  distilled  water  has  the  ability  to  decalcify  the  enamel  proper.  When 
done  carefully,  however,  this  has  only  an  inflnitesimal  effect  on  the  procetlure,  and  If  held  con¬ 
stant  in  each  case,  may  thus  be  eliminated  as  a  source  of  error. 
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with  sodium  fluoride,  and  data  were  used  as  a  basis  with  which  to  compare  the 
solubility  of  the  protected  enamel.  It  was  found  that  there  was  a  loss  of  0.0280 
Gm.  in  each  of  the  0.1000  Gm.  of  the  powdered  enamel  decalcifled.*  This  aver¬ 
age  loss  of  weight  of  unprotected  enamel  is  shown  in  line  1,  column  3  of  Table 
I,  and  is  the  basis  with  which  the  remaining  values  are  compared ;  that  is,  those 
for  the  solubility  of  the  reagent-protected  enamel.  These  remaining  values 
make  up  the  bulk  of  Table  I  and  are  determined  by  the  procedure  outlined  in 
the  next  section  of  the  i>aper. 

11.  SoluhiJity  of  Enamel  Treated  With  Different  Concentrations  of  Buffered 
and  Vnhuffered  Sodium  Fluoride. — The  effect  the  various  concentrations  of 
reagent  solutions  had  in  inhibiting  the  solubility  of  powdered  enamel  was  deter¬ 
mined  by  weighing  again  into  each  of  several  dried  and  tared  crucibles  0.1000 
Gm.  of  this  tissue.  Each  of  these  enamel  portions  was  then  treated  with  5  ml. 
of  the  sodium  fluoride  reagent  solution  ranging  in  concentration  from  0.2  to 
4.0  per  cent  (Table  I).  In  each  ca.se,  the  enamel  and  reagent  solutions  were 
stirred  for  twenty  minutes  and  any  remaining  debris  was  removed  from  the 
stirring  rod  with  a  few  milliliters  (constant  volume)  of  distilled  water.  They 
were  filtered  by  means  of  an  aspirator,  washed  with  distilled  water,  and  dried 
as  described.  This  same  procedure  was  used  with  both  the  unbuffered  and 
buffered  solutions. 

In  each  instance  20  ml.  of  the  decalcifying  solution  w'ere  added  to  the 
treated  enamel  and  the  combinations  were  stirred  for  twenty  additional  minutes. 
They  were  filtered,  washed,  dried,  desiccated,  and  rew'eighed  in  the  manner 
described.  In  each  case  several  crucibles  were  treated  in  a  like  manner,  with 
the  same  precautions  followed  for  legitimate  data  as  mentioned  previously. 
In  each  instance  the  data  in  the  table  include  an  average  of  twelve  tests. 

DATA 

Table  I  shows  in  the  first  row  of  the  first  three  columns  the  w'eight  change 
brought  about  by  acetic  acid  when  combined  with  unprotected  enamel.  In  all 
other  instances  the  data  show  weight  loss  obtained  when  the  acid  is  combined 
with  protected  enamel.  The  enamel  was  protected  by  buffered  and  unbuffered 
solutions  of  sodium  fluoride  reagent.  Column  1  of  Table  I  lists  the  varying 
concentrations  of  reagent  solutions.  The  first  row  of  columns  2  and  3  gives 
the  pH  and  weight  loss,  respectively,  that  was  brought  about  when  unprotected 
enamel  samples  were  ased.  Column  2  shows  the  pH  of  these  solutions  prior 
to  adjustment. t  Column  3  shows  in  the  first  row  the  loss  in  weight  that  took 
place  in  the  0.1000  Gm.  sample  of  enamel  that  w'as  unprotected.  The  bulk  of 
column  3  contains  data  to  show  loss  in  weight  of  enamel  that  was  protected 
with  a  solution  of  unbuffered  sodium  fluoride  at  the  respective  concentrations. 
Column  4  shows  the  pH  of  the  acidulated  reagents,  i.e.,  the  pH  after  5  ml.  HAC 

•From  reailiDK  the  literature  It  U  apparent  that  weisht  lo«a  and  actual  decalciflcatlon  of 
the  enamel  are  assumed  to  be  the  same  process.  While  this  may  be  the  same  situation  In  many 
instances,  until  it  Is  definitely  proved  that  there  Is  a  loss  of  Ca  and  P  from  the  tissues  during 
combination  with  the  reagents  used,  the  terms  should  be  more  adequately  define<i.  In  this 
paper,  weight  loss  means  the  weight  change  from  the  original  sample  and  not  necessarily 
decalcification. 

tAdJustn>ent  simply  refers  to  the  process  whereby  HAC  was  added  to  the  sodium  fiuorlde 
solution. 
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Table  I 


HjKtwiNG  How  Concentration  of  (Sodium  Fi.uokide  Unbuffered  and  Buffered  at  Varyixo 
Leveies  of  pH  Affects  Solubility  of  Powdered  Enamel 


REAGENT 
SOLUTION  ' 

CONCEN¬ 
TRATION 

unbuffered 

1  BUFFERED 

REAGENT 

SOLUTION 

pH 

WEIGHT 

CHANGE 

(GRAMS) 

REAGENT 

SOLUTION 

pH 

WEIGHT 

CHANGE 

(GRAMS) 

0.2M  HAC 

4.00 

-0.02S0 

0.2% 

6.10 

-0.01.34 

3.70 

-0.0116 

0.5% 

6.30 

-0.0120 

3.90 

-0.0072 

1.0% 

6.60 

-0.0115 

4.10 

-0.0076 

1.5% 

6.75 

-0.0146 

4.35 

-0.0016 

2.0% 

6.90 

-0.0115 

4.50 

-0.0001 

2.5% 

7.00 

-0.0108 

4.53 

-0.0053 

3.0% 

7.05 

-0.0110 

4.70 

-0.0078 

3.57c 

7.00 

-0.0112 

4.60 

-0.0029 

4.0% 

7.25 

-0.0112 

4.90 

-0.0068 

had  been  added  to  one-half  of  the  original  sodium  fluoride  solutions  to  provide 
the  buffered  reagents.  Column  5  lists  the  weight  changes  brought  about  in 
the  enamel  that  was  protected  with  5  ml.  of  the  buffered  sodium  fluoride 
reagent  solutions.  In  addition  to  Table  I  these  data  are  also  arranged  in  Fig.  1. 


Fig.  L 


As  the  concentrations  were  increased,  i.e.,  from  0.2  to  4.0  per  cent,  there 
was,  of  course,  an  increast'  in  the  weight  of  the  stKlium  fluoride  in  solution.  In 
order  to  measure  the  true  effe<*t  the  reagent  solution  hail  in  this  pnH*ess,  a 
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similar  amount  of  the  respective  reagent  solution  was  placed  in  a  crucible  and 
filtered,  washed,  dried,  and  desiccated  in  the  manner  described  previously. 
These  crucibles  were  weighed  as  controls,  and  the  residual  weights  were  sub¬ 
tracted  from  the  experimental  values  before  being  recorded  in  the  table. 

In  an  attempt  to  prepare  a  4  per  cent  solution  of  sodium  fluoride  buffered 
to  a  pH  4.0,  it  was  discovered  that  it  took  so  much  acetic  acid  that  the  protective 
effect  of  the  fluorine  was  lost  and  the  hydrogen  fluoride  reaetion  was  very  much 
exaggerated.  Letting  HAC  represent  acetic  acid,  the  reaction  would  proceetl 
in  the  following  manner. 

IIAC  +  NaF  - ^  -  NV  Ac  +  IF  F- 

The  HF  produced  a  marked  etching  on  the  inside  of  the  glass  bottles  that 
were  used  to  store  the  reagent  solutions.  In  fact,  only  the  solutions  above  2.5 
per  cent  showed  evidence  of  bottle  etching  although  all  bottles  contained  the 
same  amount  of  acetic  acid.  Naturally,  the  concentration  of  NaF  was  different 
in  each  case.  Because  of  this  phenomenon,  it  was  of  interest  to  know  what 
effect  the  products  of  this  reaction  had  in  inhibiting  the  dissolution  of  the 
enamel.  Table  II  shows  the  effect  sodium  acetate  has  in  inhibiting  the  dis¬ 
solution. 

Table  II 

Shows  Weight  Change  of  Enamel  After  Protection  With  NaAc  of  Varying  pH’s  anp 
Concentrations  After  Combination  With  a  Decalcifying  Solution 


UNBUFFERED  | 

I  BUFFERED 

REAGENT 

SOLUTION 

REAGENT 

WEIGHT 

REAGENT 

WEIGHT 

CONCEN- 

SOLUTION 

CHANGE 

SOLUTION 

CHANGE 

TRATION 

pH 

(GRAMS) 

pH 

(GRAMS) 

0.2M  HAC 

4.00 

-0.0280 

0.2% 

7.50 

-0.0192 

3.60 

-0.0256 

0.5% 

7.46 

-0.0169 

3.40 

-0.0259 

1.0% 

7.55 

-0.0185 

3.71 

-0.0246 

1.5% 

7.60 

-0.0196 

3.95 

-0.0231 

2.0% 

7.70 

-0.0177 

4.12 

-0.0219 

2.5% 

7.70 

-0.0143 

4.20 

-0.0222 

.3.0% 

7.80 

-0.0145 

4.40 

-0.0230 

3.5% 

7.88 

-0.0189 

4.32 

-0.0235 

4.0% 

7.90 

-0.0170 

4.30 

-0.0226 

Table  II  corresponds  to  Table  I,  only  the  reagent  in  this  case  is  NaAc  in 
place  of  NaF.  Column  1  of  Table  II  lists  the  concentration  of  the  different 
sodium  acetate  solutions.  Column  2  lists  the  pH  prior  to  addition  of  acetic 
acid.  Column  3  shows  the  weight  changes  of  the  enamel  after  protection  with 
5  ml.  of  this  unbuffered  reagent  solution.  Column  4  shows  the  pH  of  the  sodium 
acetate  solution  after  adding  5  ml.  of  glacial  acetic  acid.  Column  5  lists  the 
protection  this  buffered  solution  affords  the  powdered  enamel. 

DISCUSSION 

It  is  not  definitely  known  how  the  fluoride  ion  enters  the  apatite  molecule ; 
therefore,  one  must  speculate,  in  most  cases,  with  respect  to  this  phenomenon. 
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One  would  suppose,  from  the  laws  of  combining  proportions  and  rules  of  solu¬ 
bility,  that  with  a  rise  in  concentration*  of  the  reagent  solution  used  to  protect 
the  powdered  enamel  there  would  be  a  corresponding  decrease  in  the  enamel 
solubility  provided  that  both  compounds  were  soluble  to  an  appreciable  extent. 

Table  I  shows  that  when  an  unbuffered  solution  of  sodium  fluoride  is  used 
there  is  a  deflnite  decrease  in  solubility  of  the  enamel  protected  by  it.  There 
is  a  reduction  in  solubility  ranging  from  14.6  mg.  for  a  0.2  per  cent  solution 
to  16.8  mg.  for  a  4.0  per  cent  solution.  When  a  buffered  solution  of  sodium 
fluoride  is  used  to  protect  the  enamel  this  changes  to  16.4  mg.  for  a  0.2  per  cent 
solution  to  21.2  mg.  for  a  4.0  per  cent  solution.  The  greatest  solubility  reduc¬ 
tion  is  found  at  a  concentration  of  2.5  per  cent.  In  the  buffered  solution  the 
greatest  protecting  effect  is  reached  at  a  concentration  of  2.0  per  cent  (Fig.  1). 

One  can  quickly  see  from  Fig.  1  that  in  contrast  the  buffered  solution  is 
better  than  the  unbuffered  solution  for  protecting  the  enamel,  regardless  of 
what  concentration  of  sodium  fluoride  one  may  choose.  It  reaches  its  maximum 
protecting  effect  at  a  concentration  of  2.0  per  cent.  The  pH  at  this  concen¬ 
tration  is  4.5.  Why  the  enamel  protection  is  increased  when  the  concentration 
changes  from  3.0  to  3.5  per  cent  cannot  at  this  time  be  explained.  It  is  believed 
that  at  this  concentration  and  pH  the  reaction  between  this  amount  of  sodium 
fluoride  and  acetic  acid  is  more  highly  dissociated.  This  is  illustrated  in  the 
foregoing  formula.  Fig.  1  also  shows  that  there  is  no  correlation  between  the 
effectiveness  of  the  buffered  and  unbuffered  solutions. 

Only  a  word  need  be  mentioned  with  respect  to  the  sodium  acetate  and  its 
effect  upon  solubility.  It  was  only  logical  to  suppose  in  certain  instances 
(irrespective  of  equilibrium)  that  in  a  solution  composed  of  acetic  acid  and 
sodium  fluoride,  there  would  be  sodium  ions,  fluorine  ions,  hydrogen  ions,  and 
the  acetate  ions,  while  under  different  conditions  there  would  be  various  but 
definite  eombinations  of  these  ions.  Therefore,  one  of  the  products  of  this 
reaction  is  sodium  acetate.  In  testing  the  ability  of  sodium  acetate  to  decrease 
the  solubility  of  powdered  enamel,  it  was  discovered  that  there  was  no  correla¬ 
tion  between  the  buffered  or  unbuffered  solutions,  nor  any  reasonable  protee- 
tion  offered  the  enamel  by  any  concentration  of  this  reagent.  Hydrogen 
fluoride  was  not  tested  because  of  the  extreme  difficulties  associated  with  its 
storage  and  reactivity.  This  does  not  mean  that  it  has  been  eliminated  as  a 
possible  enamel-protecting  reagent. 

One  Avould  expect  to  find  the  maximum  protection  in  this  experiment  when 
a  4  per  cent  solution  is  used.  This  is  not  the  case  by  any  means.  The  maximum 
I>rotection  when  the  buffered  reagent  solution  is  used  is  found  when  the  solution 
concentration  is  2  per  cent.  There  is  a  marked  decrease  in  effectiveness  from 
2  to  3  per  cent  and  an  increase  with  3.5  per  cent,  with  a  further  decrease  at 
4  per  cent.  Various  phenomena  could  be  operating  to  produce  this  effect. 

•Concentration  used  here  Is  the  measure  of  the  number  of  molecules  of  a  reactlni?  sub- 
•stance  In  a  given  unit-volume  and  not  necessarily  the  total  quantity  of  a  substance  which  Is 
present.  The  speed  of  a  reaction  Is  proportional  to  the  molecular  concentration  of  each  of  the 
substances  which  take  part  in  the  reaction.  This  effect  Is  described  as  the  law  of  mass  action. 
Concentration  refers  in  this  case  to  the  number  of  gram-molecular  weights  of  each  reacting 
substance  per  liter. 
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Some  were  postulated  in  a  previous  paper,®  For  the  present,  it  must  be  con¬ 
cluded  that  much  fundamental  knowledge  is  yet  to  be  had  concerning  the 
products  formed  by  this  reaction,  their  ionization  constants,  chemical  equili¬ 
brium,  and  concentration. 

The  amount  of  substance  present  and  capable  of  reacting  is  a  very  impor¬ 
tant  factor  influencing  reacting  velocity.^*  The  effect  of  the  concentration  of 
the  reacting  components  on  the  speed  of  the  reaction,  called  mass  action,  is  of 
fundamental  importance  in  the  study  of  these  in  vitro  chemical  changes.  The 
amount  of  substance  transformed  in  unit  time  depends  upon  the  amount  of 
each  reactant  present,  temperature,  and  other  factors  remaining  constant. 
Doubling  the  amount  of  one  reactant  will  necessarily  result  in  more  being 
transformed  into  the  products  of  the  reaction,  but  this  does  not  necessarily 
imply  that  it  is  capable  of  reducing  enamel  solubility. 

CONCLUSIONS 

1.  In  this  experiment  a  2  per  cent  solution  of  sodium  fluoride  is  found  to 
be  the  best  concentration  to  use  for  reducing  the  .solubility  of  powdered  enamel. 

2.  Buffered  solutions  of  sodium  fluoride  are  much  more  effective  than 
unbuffered  solutions. 

3.  The  most  effective  pH  for  a  2  per  cent  reagent  solution  is  4.5. 

4.  It  is  suggested  that  at  a  concentration  of  2  and  3.5  per  cent,  respectively, 
the  solution  is  more  highly  dissociated  than  at  any  other  concentration  used, 
thus  making  it  more  effective  in  its  ability  to  reduce  “enamel  solubility.” 
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A  MEDIUM  FOR  THE  DIFFERENTIATION  OF  STRONGLY  ACTDOGENIC 
FROM  WEAKLY  ACIDOGENIC  ORGANISMS 
OF  HUMAN  SALIVA 

A  Preliminary  Report 

G.  N.  DAVIES,  B.D.8.,  D.D.S.,  G.  L.  SLACK,  O.B.E.,  L.D.S.,  D.D.S.,  AND 
E.  B.  TILDEN,  Ph.D. 

Department  of  Bacteriology,  Northvcestern  University  Dental  School,  Chicago,  III. 

EV^ER  since  Miller  propounded  the  chemieo-parasitic  theory  of  dental  caries, 
numerous  endeavors  have  been  made  to  isolate  an  organism  or  group  of 
organisms  as  the  specific  etiological  factor.^*^®  Recent  studies  emphasize  the  im¬ 
portance  of  the  rate  at  which  acid  is  formed'®*  ”  and  the  total  titratable  acidity 
produced'*  regardless  of  the  organism  responsible  for  the  carbohydrate  degrada¬ 
tion.  From  in  vitro  experiments  it  has  been  shown'®*  that  different  strains  of 
lactobacilli,  streptococci,  and  staphylococci  exhibit  varying  acidogenic  capacities, 
and  that  it  is  virtually  impossible  to  predict  the  potential  acidogenic  capacity 
of  any  given  strain  from  the  colony  morphology  or  cellular  appearance. 

Of  the  many  bacteriological  tests  for  caries  activity  the  two  most  widely 
used  depend  on  (1)  the  estimation  of  the  number  of  colonies  of  lactobacilli 
growing  out  in  four  days  on  a  tomato  agar  plate  of  pH  5.0  from  an  inoculum  of 
saliva,®'  and  (2)  the  colorimetric  estimation  of  the  acid-producing  capacity  of 
the  saliva  by  inoculating  0.1-0.2  ml.  of  it  into  melted  infusion  agar  containing 
2  per  cent  dextrose ;  the  initial  pH  is  adjusted  to  5.0  and  the  indicator  is  brom- 
cresol  green.®®  The  latter  test  is  a  guide  to  the  acid  potential  of  saliva  and 
is  a  simple  test  to  carry  out.  It  is,  however,  a  purely  qualitative  test  and  gives 
no  indication  as  to  the  relative  numbers  of  acidogenic  and  nonacidogenic  or¬ 
ganisms  present  in  a  given  sample  of  saliva.  This  same  criticism  is  applicable 
to  the  various  glucose  broth  tests.  The  tomato  agar  plate  method  is  an 
index  of  the  numbers  of  aerobic  aciduric  organisms  present  in  saliva,  but  it  is  not 
necessarily  an  accurate  guide  to  the  number  of  strongly  acidogenic  organisms 
present. 

The  present  study  is  concerned  with  the  quantitative  differentiation  of 
strongly  acidogenic  from  weakly  acidogenic  components  of  the  oral  fiora. 


EXPFJtIMENTAL 

Procedure: 

The  medium  used  is  a  modification  of  that  devised  by  Wade,  Smiley,  and 
Boruff®**  ®^  for  estimating  the  numbers  of  acidogenic  bacteria  in  distillery 


mashes. 

Tomato  juice  (filtered)  300  ml. 

Yeast  extract  5  Gm. 

Glucose  5  Gm. 

Salts  “A”*  5  ml. 

Agar  30  Gm. 

1.6%  alcoholic  solution  bromcresol  purple  2  ml. 

Distilled  water  to  1,000  ml. 


*  Salta  "A”: — 25  Gm.  each  of  monobasic  and  dibasic  potassium  phosphate  in  100  ml.  of 
<listilled  water. 
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The  pH  is  adjusted  to  7.0.  The  medium  is  dispensed  in  100  ml.  amounts, 
autoclaved,  and  stored  in  a  refrigerator. 

Saliva,  stimulated  by  the  chewing  of  paraffin,  is  collected  before  break¬ 
fast  on  the  morning  of  the  test.  Dilutions  are  made  up  as  follows :  Samples  are 
collected  and  shaken  vigorously.  One  milliliter  is  pipetted  into  99  ml.  of  nutrient 
broth  to  give  a  dilution  of  1 :100.  This  is  shaken  well  and  1.0  ml.  is  pipetted  into 
a  second  fla.sk  of  99  ml.  of  nutrient  broth  to  give  a  dilution  of  1 :10,000.  For 
these  preliminary’  experiments  0.1  ml.  of  the  1:10,000  dilution  is  used. 

Before  eaeh  experiment  the  medium  is  reheated  in  a  w’ater  bath  until  fluid. 
PMve  milliliters  of  8  per  cent  dibasic  calcium  phosphate  in  water  suspension  is 
then  added  to  each  100  ml.  of  medium  and  mixed  with  the  medium  by  rotation 
of  the  flask.  When  the  temperature  falls  to  approximately  45°  C.,  the  medium 
is  rotated  vigorously  and  poured  in  20  ml.  amounts  into  petri  dishes  previously 
inoculated  with  0.1  ml.  of  the  test  saliva  dilution.  Each  plate  is  rotated  quickly 
to  disperse  the  inoculum  through  the  medium.  The  agar  will  set  sufficiently 
quiekly  at  room  temperature  to  prevent  settling  out  of  the  phosphate  suspension. 

All  plates  are  incubated  at  37°  C.  for  four  days. 

Distinguishing  the  Colonies: 

1.  Strongly  acidogenic  colonies  dis.solve  the  calcium  phosphate,  forming  a 
large  halo  of  3  mm.  or  more  in  diameter,  and  change  the  color  of  the  indicator 
from  purple  to  yellow  (Fig,  1). 

2.  Moderately  acidogenic  colonies  give  rise  to  small  halos  mueh  more  lim¬ 
ited  in  extent  than  those  in  (1)  and  easily  distinguishable  therefrom.  They 
also  change  the  indicator  from  purple  to  yellow  (Fig.  3). 

3.  Weakly  acidogenic  colonies  change  the  eolor  of  the  indicator  but  do  not 
dissolve  the  calcium  phosphate. 

4.  Neutral  colonies  produce  no  change. 

5.  Alkali-producing  colonies  show  a  peripheral  zone  of  deep  purple  color. 
They  do  not  form  halos. 

RESULTS 

The  medium  wa.s  first  tested  by  means  of  cultures  of  known  properties 
(lactobacilli,  streptococci,  and  staphylococci).  It  was  found  that  various  strains 
of  lactobacilli  and  streptococci  could  be  distinguished,  visually,  by  their 
acidogenic  capacity  when  grown  in  this  medium.  Organisms  producing  clearing 
were  subcultured  and  stained  by  Oram’s  method.  Of  twenty-two  organisms  pro¬ 
ducing  large  zones  of  clearing,  fourteen  were  formed  by  a  lactobacillus  “S” 
(Fig.  2),  three  by  a  lactobacillus  “R,”  and  five  by  a  streptococcus.  Of  thirty- 
eight  organisms  producing  small  zones  of  clearing,  twenty-seven  were  formed 
by  a  streptococcus  (Fig.  4),  three  by  a  lactobaeillus  “R,”  two  by  a  diplocoecus, 
and  six  by  pleomorphic  organisms  which  could  not  be  differentiated  by  their 
cellular  appearance.  The  appearance  of  each  was  similar  to  that  described  by 
Rosebury*®  and  classified  as  indefinite — either  a  streptococcus  undergoing  a 
pleomori)hic  change  to  resemble  a  lactobacillus,  or  a  lactobacillus  undergoing 
a  change  to  resemble  a  streptococcus.  The  organisms  producing  alkali  were 
found  to  lie  sf>ore-forming  rods  or  molds. 
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Pig.  3. — Small  zones  of  clearing  as  produced  by  a  streptococcus ;  X0.66. 

I<'lg.  t. — Streptococcus  from  one  of  the  colonies  in  Fig.  2,  -stained  by  Oram’s  method ; 


Pig.  8. 


Pig.  1. 


Fig.  1. — L^rge  zone  of  clearing  as  produced  by  L<actobacillus,  "S”  form ;  X0.S5. 
Fig.  2. — Liactobacillus  from  colony  in  Fig.  1,  stained  by  Gram’s  method;  xllOO. 


Fig.  4. 


Fig.  2. 
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To  evaluate  the  possibilities  of  this  medium  in  a  test  for  earies  activity, 
eighty-seven  samples  of  saliva  from  forty-four  persons  aged  18  to  30  years  were 
tested.  Control  tests  were  made  using  tomato  agar  plate  counts,  Snyder’s 
bromcresol  green  dextrose  agar,  and  glucose  broth  of  initial  pH  6.2  for  the  de¬ 
termination  of  the  final  pH  produced.  Results  were  compared  with  evidence  ob¬ 
tained  from  clinical  examination  and  bite-wing  radiographs.  A  summary  of 
the  results  is  given  in  Table  I. 

Table  I 


NUMBER 

1  NUMBER  OP 

SALIVARY  SAMPLES  CORREIATING 

NUMBER 

OP 

1  WITH  CLINICAL  PINDINGS 

CLINICAL 

OF 

SALIVARY 

PHOSPHATE 

TOMATO 

SNYDER 

PINAL  pH 

SUSCEPTIBILITY 

PATIENTS 

SAMPLES 

TEST 

AGAR  TEST 

TEST 

TEST 

High 

16 

37 

25 

17 

23 

21 

Moderate 

24 

41 

30 

22 

21 

17 

Low  or  immune  4 

9 

4 

6 

6 

- 

Total 

44 

87 

59 

45 

50 

38 

DISCUSSION 

In  the  small  group  studied  the  results  of  the  tests  show  fair  correlation  with 
the  clinical  data,  but  experiments  on  large  numbers  of  persons  with  varying 
degrees  of  caries  susceptibility  are  needed  to  determine  the  usefulness  of  the 
new  procedure.  It  may  be  possible  to  improve  the  procedure  on  further  study. 
It  is  hoped  to  make  it  sufficiently  simple  to  serv’e  as  a  practical  test,  for  which 
it  is  particularly  well  suited,  since  the  colonies  are  readily  distinguishable  by 
naked-eye  observation. 

The  diabasic  calcium  phosphate,  which  is  added  from  a  w'ater  suspension, 
prevents  diffusion  through  the  medium  of  the  acid  formed  by  the  acidogenic  or¬ 
ganisms.  If  calcium  carbonate  is  used,  as  advocated  by  Wade,  Smiley,  and 
Boruff,^*  the  acid  from  strongly  acidogenic  colonies  clears  the  entire  plate 
making  it  impossible  to  distinguish  the  acid-forming  from  the  non-acid-form¬ 
ing  colonies.  A  separate  experiment  showed  that  clearing  of  the  phosphate 
takes  place  at  pH  4.0.  It  was  found  that  the  color  of  the  indicator  changes  from 
purple  to  yellow  between  the  pH  range  of  5.35  to  4.5. 

SUMMARY 

A  preliminary  report  is  presented  on  a  new  medium  for  the  estimation 
of  acidogenic  bacteria  in  saliva.  It  appears  to  have  certain  advantages  over 
media  previously  used  for  the  purpose  because  it  supports  the  growth  of  many 
different  types  of  bacteria  but  permits  the  quantitative  differentiation  of 
strongly  acidogenic  organisms  from  tho.se  which  are  weakly  acidogenic,  non- 
acidogenic,  or  alkali-producing.  The  differentiation  is  clear  cut,  and  the  colonies 
may  be  recognized  by  naked-eye  examination. 

As  a  test  for  caries  susceptibility,  this  procedure,  in  common  with  all  in 
vitro  tests,  shows  only  the  relative  numbers  of  organisms  capable  of  producing 
acid  of  a  sufficiently  low  pH  to  decalcify  enamel  in  the  presence  of  a  suitable 
substrate.  If  the  preliminary  work  here  reported  is  supported  by  further  clin¬ 
ical  and  lalmratory  investigation,  and  the  results  of  the  tests  can  be  correlated 
with  the  factors  responsible  for  the  rate  of  neutralization  in  the  mouth  of  the 
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patient  concerned,  it  appears  tliat  this  medium  may  have  a  place  as  an  adjunct 
to  diaf?nosis  preparatory'  to  and  during  the  institution  of  a  program  of  pre¬ 
ventive  dentistry.  Since  the  oral  flora  is  kno\\'n  to  fluctuate  with  the  rise  and 
fall  of  the  intake  of  carbohydrates,  a  series  of  tests  at  regular  intervals  will  he 
found  to  be  of  more  significance  than  a  single  test. 
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THE  INFLUENCE  OF  AGE  IN  THE  DEVELOPMENT  OF  DENTAL 
CARIES  IN  THE  RAT  (RATTUS  NORVEGICUS) 

G.  E.  BRAUNSCHNEIDER,  H.  R.  HUNT,  AND  C.  A.  HOPPERT 

Departments  of  Anatomy,  Zoology,  and  Chemistry,  Michigan  State  College, 

East  Lansing,  Mich. 

INTRODUCTION 

The  primary  object  of  the  present  investigation  was  the  establishment  of  the 
relationship  between  the  age  of  experimental  animals  and  their  susceptibility 
to  dental  caries.  Incidental  to  the  pursuit  of  this  goal,  observations  were  made 
on  the  caries-retarding  effect  of  rice  flour  in  the  diet. 

During  the  past  decade,  a  number  of  investigators  have  concluded  that  a 
relationship  exists  between  age  and  susceptibility  to  caries  in  human  beings 
(Hill,^  Moore,*  BurrilP).  Hodge*  observed  that  rats  one  year  old  developed 
caries  more  slowly  than  did  weanlings  on  the  same  diet.  In  addition  he  sum¬ 
marized  the  age-susceptibility  investigations  of  many  workers. 

The  present  experiment  was  conducted  with  albino  rats  from  Hunt  and 
Hoppert’s  genetically  caries-susceptible  strain.  This  choice  was  made  because 
of  the  rapidity  with  which  these  animals  develop  caries,  thereby  making  them 
convenient  material  for  an  inve.stigation  of  this  nature.  Over  a  period  of  ten 
years,  Hunt  and  Hoppert®  *  have  succeeded  in  breeding  two  strains  of  rats,  one 
strain  caries-sasceptible  and  the  other  caries-resistant.  Dental  caries  was  in¬ 
duced  in  both  lines  by  the  rats  being  placed  when  35  days  old  on  the  following 
diet:  66  jier  cent  (by  weight)  coarsely  ground  polished  rice,  30  per  cent  whole 
milk  powder,  3  per  cent  alfalfa  leaf  meal,  and  1  per  cent  sodium  chloride.  Ac¬ 
cording  to  Hoppert,  Webber,  and  CannifP’  certain  cereals  when  coarsely 
ground  are  more  conducive  to  caries  development  than  the  same  cereals  when 
more  finely  ground.  Accordingly,  a  “fine”  rice  mixture  (obtained  by  grinding 
the  rice  into  smaller  particles,  but  otherwise  the  same  as  the  “coarse”  rice  mix¬ 
ture)  was  used  when  it  was  not  desired  to  produce  caries.  The  young  animals 
of  both  strains  were  supplied  with  the  fine  ration  until  they  were  thirty-five  days 
old,  whereupon  they  were  furnished  the  coarse  ration.  The  relative  proportions 
of  coarse  and  finer  rice  particles  are  indicated  in  Table  I  by  a  typical  screening 
test  of  the  two  types  of  diet. 

After  the  change  from  the  fine  to  the  coarse  mixture,  the  lower  molars 
were  examined  under  a  strong  light  by  the  unaided  eye  at  fourteen-day  inter¬ 
vals.  “Caries  time”  is  the  number  of  days  elapsing  between  the  diet  change 
and  the  date  dental  caries  is  first  seen.  It  is  an  index  of  caries  susceptibility. 

Types  of  cages,  source  of  drinking  water,  laboratory  room  temperature, 
and  other  environmental  factors  have  been  described  in  an  earlier  report  by 
Hunt,  Hoppert,  and  Erwin.® 

The  investigatious  on  which  this  paper  ia  baaed  were  supported  by  grants  from  the  William 
John  Oies  Fund  of  the  American  Coilege  of  Dentists. 
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These  investigators  proved  that  with  environmental  factors  held  fairly  con¬ 
stant,  most  of  the  difference  between  the  susceptible  and  resistant  lines  was 
hereditary.  It  is  not  known  whether  the  genes  for  caries  susceptibility  act 
through  producing  an  effect  on  the  structure  of  the  teeth,  on  the  composition  of 
saliva,  on  the  arrangement  of  the  teeth  in  the  dental  arch,  or  on  any  of  the  other 
factors  suggested  by  the  various  phases  of  research  into  the  etiology  of  dental 
caries.  But  it  is  known  that  the  difference  between  the  strains  is  far  too  great 
to  be  reasonably  explained  as  a  chance  occurrence. 


Table  I 

Comparison  of  Degrees  of  Division  of  Rice  Particles  in  the  Fine  Rice  and  Coarse 

Rice  Rations 


FINE  RICE 

COARSE  RICE 

Retained  on  20-mesh  screen 

1% 

71% 

Retained  on  40-mesh  screen 

56% 

19% 

Retained  on  60-mesh  screen 

21%  1 

Retained  on  80-mesh  screen 

8%  1 

10% 

Retained  on  100-mesh  screen 

4%  j 

Passed  through  lOO-mesh  screen 

10%  ' 

100% 

100% 

These  data  were  obtained  from  a  typical  screeninR  test  during  the  experiment. 


Fifteen  animals  from  Hunt  and  Iloppert’s  eighth  generation  of  the  sus¬ 
ceptible  strain,  which  had  already  developed  caries,  were  chosen  as  breeders  in 
this  experiment.  According  to  Hunt,  Hoppert,  and  Erwin  V  earlier  studies, 
these  breeders  and  tbeir  offspring  were  probably  homozygous  for  caries  sus¬ 
ceptibility  (that  is,  they  had  all  the  genes  for  early  caries  development  which 
are  to  be  found  in  their  strain).  The  offspring  were  the  experimental  animals 
of  this  study.  I^ater  more  experimental  rats  were  needed.  They  were  obtained 
by  the  mating  of  some  of  the  earlier  animals  which  had  already  developeil  caries 
and  had  thus  terminated  their  usefulness  for  further  observations.  Hunt  and 
Hoppert ’s  ninth  generation  was  the  control  gi-oup  for  the  present  investigation. 

Radusch"  reported  im])ortant  variation  in  the  diagnosis  of  dental  caries  by 
different  examiners  observing  the  same  human  teeth.  To  make  this  pei-sonal 
error  constant,  one  observer  (0.  A.  H.)  made  almost  all  of  the  examinations  of 
both  the  control  and  the  experimental  rats.  In  a  few  instances  where  this  was 
impractical,  the  examinations  were  made  by  only  one  other  pei'son  (H.  R.  H.). 

To  determine  the  effect  of  age,  it  was  originally  jdanneil  that  some  of  the 
exjierimental  rats  were  to  be  left  on  the  fine  rice  mixture  to  the  age  of  1(K)  days 
to  prevent  the  ajipearance  of  caries.  They  were  then  to  be  fenl  the  coiU'se  ration 
until  caries  was  first  seen.  A  second  group  was  to  Ih'  left  on  the  fine  mixtui*e 
until  150  days  old  and  then  transferred  to  the  coam>  diet.  The  mean  caries 
times  of  the  two  groups  were  then  to  have  been  determined  separately,  beginning 
at  100  or  150  days  of  age  rather  than  at  35  days,  as  was  done  with  the  control 
group.  Then  a  comparison  of  the  caries  times  of  the  control  group,  the  100-day 
group,  and  the  150-day  group  should  show  the  elfe<‘t  of  age  on  caries  develop¬ 
ment,  if  such  an  effect  existed. 

This  jilan  failed  becau.st*  the  first  eleven  animals  on  the  fine  feed  developeil 
caries  before  the  age  of  100  days,  when  they  were  to  have  Inam  placed  on  the 
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coarse  rice  diet.  A  revision  of  plan  was  mandatory,  A  third  variation  of  the 
ration  was  devised  based  on  the  proposition  that  if  the  fine  rice  mixture  were  less 
conducive  to  the  development  of  caries  than  the  coarse,  perhaps  a  still  finer 
rice  would  delay  caries  development  even  longer.  Therefore,  commercial  rice 
flour  was  substituted  for  ground  rice  in  making  up  the  mixture.  Otherwise,  the 
diet  remained  the  same.  This  commercial  rice  flour  was  produced  from  polished 
rice,  and  did  not  contain  substances  added  for  enrichment.  This  flour  had  been 
passed  through  silk  bolting  cloth  to  insure  extreme  fineness. 

One  group  of  animals  was  maintained  on  the  “rice  flour”  mixture  until 
100  days  old,  another  until  150  days  old.  At  the  stated  ages,  each  group  was 
placed  on  the  coarse  ration.  Xo  changes  were  made  in  the  management  of  the 
controls,  these  animals  being  left  on  the  fine  ration  until  35  days  old,  at  which 
time  they  were  given  the  coarse  mixture. 

D.\TA  AND  DISCUSSION 

The  data  thus  obtained  are  summarized  in  Table  II.  For  each  rat  the  caries 
time  was  the  age  in  days  at  the  dhte  when  tooth  decay  was  observed,  minus  the 
age  in  days  at  which  the  animal  was  placed  on  the  coarse  rice  mixture.  Through¬ 
out  this  report,  the  standard  errors  of  means,  standard  deviations  and  differences 
between  means  are  used  rather  than  probable  errors  of  these  values.*  The 
standard  deviations  and  means  were  calculated  in  the  usual  manner. 

The  100-day  group,  as  described  in  Table  II,  requires  no  discussion  at  this 
point.  In  the  150-day  group,  it  will  be  noted  that  the  standard  deviation  was 
surprisingly  large.  This  is  partially  due  to  the  fact  that  tw'o  animals  showed 
phenomenal  resistance  to  the  carious  process,  having  caries  times  of  223  days 
and  283  days,  respectively,  while  the  mean  caries  time  of  their  group  was  only 
52.5  days.  They  alone  raise  the  mean  of  their  group  by  9.7  days.  Dr.  W.  D. 
Baten,  formerly  Profes.sor  of  Mathematics  at  Michigan  State  College,  advised 
eliminating  these  two  animals  from  the  data.  Mathematical  comparison  of  the 
groups  is  misleading  if  one  permits  only  two  animals  to  increase  the  mean  and 
standard  deviation  of  their  group  to  an  exorbitant  extent.  The  cause  for  the 
outstanding  resistance  of  these  two  animals  is  not  definitely  known.  Since  this 
experiment  was  perfonned,  we  have  found  (II.  R.  H.  and  C.  A.  II. — data  as  yet 
unpublished)  that  sometimes  the  upper  molars  are  damaged  or  destroyed  by 
fracturing.  The  then  unopposed  lower  molars  (the  lower  molars  are  the  only 
teeth  examined  routinely  in  our  experiments)  show  more  caries  resistance  than 
otherwise.  It  is  possible  that  such  may  have  been  the  case  with  these  two  rats. 
The  data  pertaining  to  the  150-day  group  are  adjusted  in  Table  II  in  the  sec¬ 
tion  marked  “150-day  group — corrected,”  by  omission  of  these  two  animals. 

The  “fine  rice  ration  group”  of  Table  II  is  composed  of  twenty-six  rats, 
eleven  of  which  developed  caries  in  unmeasured  time,  as  i)reviously  stated.  The 
remaining  fifteen  animals  were  left  on  the  fine  diet  and  showed  dental  caries  at 
a  mean  age  of  87.3  ±  7.3  days.  Although  there  was  no  diet  change  after  weaning, 
35  days  must  nevertheless  be  subtracted  from  their  mean  age  at  caiies  develop- 
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nieiit  to  obtain  a  caries  time  comparable  to  tliat  of  the  control  »roup.  A  mo¬ 
ment’s  reflection  will  show  that  this  is  permissible,  because  to  the  age  of  35  days 
both  the  control  and  this  group  were  fed  the  fine  rice  mixture.  The  difference 
betw’een  them  is  simply  that  at  the  age  of  35  days,  the  control  group  was  changed 
to  the  coarse  rice  diet,  while  the  other  group  was  left  on  the  fine  ration. 

Table  II 


Summary  of  Data  for  Atx  Experimental  Groups  and  the  Control 


NUMBER 

OP  IN- 

j;  DIVIDU.\LS 

100-day  group  (developed  caries  on  coarse  diet 
after  receiving  flour  diet  to  age  of  100  days) 

Mean  age  when  caries  was  observed 

Mean  caries  time 

Standard  deviation 

Variance 

157.6  ±  4.2  days 

57.6  ±  4.2  days 

29.6  ±  3.0  davs 
876.16 

49 

150-day  group  (developed  caries  on  coarse  diet 
after  receiving  flour  diet  to  age  of  150  days) 

Mean  age  when  caries  was  observed 

Mean  caries  time 

Standard  deviation 

Variance 

202.5  ±  8.5  days 
.52.5  ±  8.5  days 
.55.9  ±  6.0  davs 
3124.81 

43 

150-day  group — corrected 

Mean  age  when  caries  was  observed 

Mean  caries  time 

Standard  deviation 

Variance 

192.8  ±  5.4  days 
42.8  ±  5.4  davs 
34.3  ±  3.8  davs 
1176.49 

(41) 

Fine  rice  ration  group  (developed  caries  on 
fine  rice  ration  without  coarse  diet) 

Caries  time  not  measured  but  less  than 

100  days 

Caries  time  measured 

Mean  age  when  caries  was  observed 
^lean  caries  time 

Standard  deviation 

Variance 

87.3  ±  7.3  days 

52.3  ±  7.3  davs 

28.3  ±5.1  davs 
800.89 

26 

(11) 

(15) 

Group  developing  caries  on  rice  flour  ration  only 

Mean  age  when  caries  was  observed 

131.0  days 

6 

Total  number  of  animals  participating  in  experiment, 
exclusive  of  control  group 

124 

Control  (Hunt  and  Hoppert’s  ninth  generation  of  the 
susceptible  strain) 

Mean  age  when  caries  was  observed 

Mean  caries  time 

Standard  deviation 

Variance 

64.3  ±  1.0  days 

29.3  ±1.0  days 
9.3  ±  0.7  davs 

86.49 

86 

Grand  total  of  animals 

210 

During  the  experiment,  six  animals  developed  caries  on  the  rice  flour  diet 
without  attaining  sufficient  age  to  lie  jdaced  in  the  group  for  which  they  were 
intended.  As  shown  in  Table  II,  the  mean  age  at  caries  development  for  these 
animals  was  131  days.  Two  of  these  animals  were  147  days  old  when  tooth 
decay  was  observed,  and  one  was  of  each  of  the  following  ages:  142  days,  139 
days,  120  days,  and  91  days.  These  six  animals  suggest  some  jiei’sisting  genetic 
variability  in  the  susceptible  line,  unknown  and  uncontrolled  environmental 
causes,  or  both. 
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COMPARISONS  OF  EXPERIMENTAL  GROUPS  WITH  EACH  OTHER  AND  WITH 


THE  CONTROL  GROUP 

The  comparisons  of  the  experimental  groups  with  each  other  and  with  the 
control  are  summarized  in  Table  III.  In  order  to  determine  whether  or  not  the 
differences  between  the  mean  caries  times  of  the  various  groups  are  significant, 
the  “t-value”  for  each  difference  was  calculated. 

Tabi.e  III 

A  Comparison  of  the  Means  of  the  Vakiovs  Gkocps 

GROrPS  BE'NG  COMPARED 

GREATER 

LESSER 

DIFFERENCE 

DEGREES  OF 

VALVES 

SIC.NIFI- 

MEAN 

ME.4N 

IN  DAYS 

FREEIKIM 

OF  t 

CANCE 

100-day  group 

Control  group 

28.3  ±  4.3 

133 

8.161 

1% 

150-day  group 
corrected 

Control  group 

13.5  ±  5.5 

125 

3.373 

1% 

100-day  group 
group 

150-day  group 
corrected 

14.8  ±  6.8 

88 

2.171 

5% 

Fine  feed  group 

Control  group 

23.0  ±  7.4 

99 

5.998 

1% 

100-day  group 

Fine  feed  group 

5.3  ±  8.4 

62 

0.610 

n.s. 

Fine  feed  group 

150-day  group 
corrected 

0.5  ±  9.1 

54 

0.960 

n.s. 

Significance  level  is  indicated  by  the  corresponding  jrercentage;  n.s.  means  that  the  dif¬ 
ference  is  not  statistically  significant.  Differences  which  are  significant  at  the  5  per  cent  level 
are  large  enough,  so  that  con.sidering  the  number  of  animals  involved  (from  which  the  degrees 
of  fre^om  are  calculated),  there  is  less  than  one  chance  in  twenty  that  the  difference  is  due 
to  sampling  error.  Differences  significant  at  the  1  per  cent  level  have  less  than  one  chance  in 
100  of  being  due  to  sampling  error.  The  formula  by  which  “t”  is  calculated  is: 


y  n.dz  +  ^  n,d2 

n,  Uj  -  2 

In  this  formula,  M,  and  M,  are  the  means  of  the  groups  l)eing  compared;  n  equals  the  numl)er 
of  individuals  in  a  group;  d  represents  deviation  from  the  mean  of  the  group  by  various 
classes  within  the  group.  Degrees  of  free<lom  and  values  of  t  must  l)e  checked  against  pre¬ 
pared  tables  to  obtain  the  significance  level. 

It  will  be  noted  from  Table  III  that  placing  these  rats  on  the  coarse  diet 
at  100  days  of  age  instead  of  at  35  days  delayed  tooth  decay  by  approximately 
28  days.  There  is  less  than  one  chance  in  100  that  this  difference  is  due  to  errors 
in  sampling.  However,  one  animal  developed  caries  when  less  than  100  days 
old,  while  still  consuming  the  rice  flour  ration.  This  one  animal,  while  probably 
highly  susceptible,  could  not  possibly  reduce  the  mean  caries  time  of  the  100-day 
group  to  a  point  where  the  difference  from  the  control  would  no  longer  be  sig¬ 
nificant. 

The  “150-day  group — corrected”  exceeds  the  control  group  by  13.5  days. 
This  difference  is  significant  at  the  1  per  cent  level.  Likewise,  the  mean  caries 
time  of  the  100-day  group  is  about  14.8  days  greater  than  for  the  corrected 
150-day  group.  This  difference  is  significant  at  the  5  per  cent  level. 
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To  sum  up  these  three  comparisons,  35-day-old  animals  are  highly  sus- 
cei)tible  to  tooth  decay,  100-day-old  animals  appear  to  be  considerably'  more 
resistant,  and  150-day'-old  animals  are  intermediate.  But  before  such  conclu¬ 
sions  are  drawn  some  sources  of  error  should  be  examined. 

A  precise  determination  of  the  effect  of  age  alone  on  resistance  is  difficult, 
because  these  susceptible  rats  will  sometimes  develop  tooth  cavities  when  feeding 
on  the  rice  flour  mixture  only',  if  given  sufficient  time.  Possibly  all  of  the  sus¬ 
ceptible  rats  of  the  generation  used  would  have  done  this  if  left  on  the  diet  long 
enough.  There  was  probably  still  some  genetic  variability  among  the  susceptible 
animals  used  in  spite  of  six  or  seven  generations  of  intensive  inbreeding.  Per¬ 
haps  eating  the  coarse  rice  mixture  is  such  severe  treatment  that  even  a  genet¬ 
ically  somewhat  variable  population  shows  fairly  uniform  response  to  this  diet, 
and  the  real  genetic  differences  are  brought  out  by'  the  milder  and  more  dis¬ 
criminating  action  of  the  rice  flour  diet.  At  least  we  know  that  some  animals 
develop  cavities  on  this  latter  diet.  Only  one  showed  cavities  before  100  days,  so 
that  the  caries  time  of  the  100-da.v  group  is  fairly'  reliable.  More  suspicion  at¬ 
taches  to  the  caries  time  of  the  150-day'  animals  because  five  rats  showed  dental 
caries  before  that  age  while  still  eating  the  rice  flour  mixture.  It  is  conceivable 
that  the  150-day'  group  was  selected  somewhat  for  resistance  because  the  five  rats 
which  developed  caries  while  still  on  the  flour  mixture  could  not  be  included. 
Therefore  the  mean  caries  time  of  the  150-day'  animals  is  possibly  too  high, 
though  we  should  not  ignore  the  two  rats  that  were  exclude<l  because  of  their 
long  caries  times. 

One  need  not  seriously'  doubt  the  validity'  of  the  control  rats  because  they' 
were  in  cages  with  the  fine  rice  mixture.  They'  were  in  these  cages  for  only'  35 
days,  and  the  fifteen  animals  which  were  confined  to  the  fine  ration  indefinitely' 
did  not,  on  the  average,  show  caries  until  87.3  day's  old.  Thus  it  is  not  likely 
that  there  was  any  significant  development  of  caries  in  the  control  animals  l)efore 
the  age  of  35  days. 

Table  III  also  shows  a  difference  of  approximately  23  day's  between  the 
means  of  the  fine  rice  ration  group  and  the  control  group,  which  is  significant 
at  the  1  per  cent  level.  The  differences  between  the  fine  feed  group  on  the  one 
hand,  and  the  100-day  and  150-day'  groups  on  the  other,  are  not  significant.  Thus 
it  appears  that  the  delay  in  the  carious  process  associated  with  increased  age  is 
of  approximately'  the  same  order  as  the  delay  brought  about  by  substituting  the 
fine  rice  diet  for  the  coarse  rice  mixture. 

A  study'  of  Table  II  shows  a  considerable  amount  of  variation  among  the 
variance  values  of  the  different  groups,  leading  one  to  speculate  that  the  tend¬ 
ency'  of  the  caries  times  of  the  individual  animals  within  a  group  to  cluster  about 
the  mean  of  the  group  is  not  the  same  in  every  instance.  In  fact,  mathematically', 
this  can  be  shown  to  be  true.  However,  it  is  deemed  better  to  refrain  from 
making  any'  definite  statements  almut  this  topic  until  a  larger  fund  of  data  is 
available. 

It  would  be  profitable  to  study  the  age  effect  in  dental  caries  nioi'e  exten¬ 
sively.  This  report  compares  only  three  age  groups.  Studies  on  groups  of  inter¬ 
mediate  ages  and  at  ages  beyond  150  days  would  doubtless  reveal  some  inter¬ 
esting  relationships.  The  present  research  demonstrates  primarily  that  there  is 
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an  increase  in  resistance,  and  possibly  also  in  variability  of  resistance  to  the 
carious  process,  concomitant  with  increasing  age  in  this  genetic  line.  The  prac¬ 
tical  implication  is  that  in  using  rats  as  experimental  animals  in  the  study  of 
dental  caries,  one  must  keep  in  mind  that  age  is  a  factor  in  susceptibility,  and 
make  provision  for  the  control  of  this  variable. 

SUMMARY 

The  degree  of  susceptibility  to  dental  caries  in  genetically  susceptible  rats 
is  partially  dependent  on  age.  The  teeth  of  our  rats  are  significantly  more 
resistant  to  decay  at  100  days  and  at  150  days  of  age  than  at  35  days.  When 
100  days  old,  the  susceptible  rats  have  a  longer  caries  time  than  when  150 
days  old. 

The  results  of  Hoppert,  Webber,  and  Canniff®*  are  again  confirmed,  and 
several  additional  facts  are  discovered,  (a)  Substitution  of  the  coarse  rice  for 
the  fine  rice  in  the  ration  at  35  days  of  age  results  in  prompt  tooth  decay  in 
genetically  susceptible  rats ;  the  difference  induced  by  the  diet  change  is  approxi¬ 
mately  23  days  of  caries  time,  (b)  Substitution  of  rice  flour  for  fine  rice  in  the 
ration  prevented  the  development  of  caries  in  susceptible  rats  before  the  ages 
of  100  or  150  days  in  94  per  cent  of  the  animals  tested.  The  potency  of  the 
en\dronment  is  clearly  indicated  by  this  fact. 

Two  genetically  susceptible  animals  exhibited  unexpected  and  remarkable 
resistance  to  tooth  decay  when  placed  on  the  coarse  rice  ration  at  150  days 
of  age. 

Six  animals  showed  extreme  susceptibility  to  dental  decay,  so  that  they 
were  unable  to  attain  the  age  of  150  days  on  the  rice  flour  ration  without 
developing  caries. 
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A  METHOD  FOR  THE  QUANTITATIVE  ESTIMATION  OF 
INTERPROXIMAL  CAVITY  SIZE 

J.  E.  GILDA  AND  H.  J.  V.  GOLDBERG 

Division  of  Dental  Besearch,  The  University  of  Bochester  School  of  Medicine 
and  Dentistry,  Bochester,  N.  ¥. 

A  RECENT  study'  of  caries  activity  in  children  has  ser\’ed  to  emphasize  the 
importance  of  long-term  studies  in  individual  subjects.  Such  an  approach 
must  evaluate  the  progress  of  untreated  lesions  as  well  as  the  occurrence  of 
new  cavities.  The  former  cannot  be  estimated  quantitatively  by  any  of  the  more 
frequently  used  scoring  methods,  such  as  those  of  Klein,  Palmer,  and  Knutson,® 
Bodecker,®  Mellanby,*  Day  and  Sedwick,®  and  Boyd.®  The  application  of  a 
quantitative  method  not  only  would  introduce  objective  analysis  to  this  problem 
but  also  would  satisfy  a  general  need  for  exact  information  on  the  rate  of  dis¬ 
solution  of  tooth  substance.  Despite  the  importance  of  such  information  to  an 
understanding  of  the  caries  process,  only  one  brief  report'  has  come  to  our 
attention.  Chemical  methods  were  employed  to  measure  the  loss  of  enamel  salt 
which  was  found  to  be  approximately  1  mg.  of  apatite  per  month.  The  need 
for  more  data  is  apparent. 

Shepherd®  described  a  technic  whereby  the  size  of  interproximal  cavities  is 
expressed  in  terms  of  the  area  recorded  upon  bite-wing  radiographs.  This 
approach  is  capable  of  improvement  since  the  volume  of  a  cavity,  rather  than 
its  cross-sectional  area,  is  more  properly  descriptive  of  size.  It  occurred  to  us 
that  if  some  simple  relationship  existed  between  the  two  quantities,  volume  could 
be  estimated  from  the  observed  area.  The  present  work  deals  with  an  attempt 
to  define  such  a  relationship  by  the  examination  of  a  series  of  cavities  in  ex¬ 
tracted  teeth. 

METHODS 

Forty-eight  extracted  permanent  teeth  (and  one  deciduous  tooth)  contain¬ 
ing  a  total  of  fifty-five  proximal  cavities  were  selected  for  study.  With  few 
exceptions,  enamel  destruction  was  limited  entirely  to  the  proximal  surfaces; 
where  extension  to  adjacent  surfaces  did  occur,  the  involvement  was  minimal. 
Cavity  size  never  exceeded,  and  rarely  approached,  one-quarter  the  volume  of 
the  crown. 

Experimental  procedure  was  divided  into  two  parts:  (1)  determination  of 
cavity  area  as  observed  on  the  dental  radiograph,  and  (2)  determination  of 
cavity  volume. 

Determination  of  Cavity  Area: 

The  lingual  surface  of  each  tooth  was  attached  to  Eastman  radiatizeil  intra¬ 
oral  dental  film  by  means  of  soft  wax  so  that  the  long  axis  of  the  crown  paral¬ 
lelled  the  film.  X-rays  were  directed  through  the  buccal  surface,  perpendicular 

This  work  wa.s  made  posslbU*.  in  part,  by  a  Ki'ant  from  the  Eastman  D<‘ntal  Piai>ensar>'. 
Rochester.  N.  T. 
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to  the  plane  of  the  film.  The  distance  from  tip  of  cone  to  surface  of  film  was 
two  inches.  Exposure  time  was  2y2  seconds  for  anterior  and  3V4  seconds  for 
posterior  teeth. 

After  processing,  the  radiograph  was  placed  in  a  standard  photograpliic 
enlarger  and  projected  onto  1-cm.  graidi  paper  at  somewhat  less  than  x  10  linear 
magnification.  The  outline  of  the  carious  lesion  was  traced  on  the  paper.  In 
all  cases  three  successive  tracings  were  made.  These  together  with  a  number 
of  squares  1  cm.  on  an  edge  were  cut  out  and  w’eighed  individually  on  a  torsion 
balance.  Average  values  were  calculated.  The  area  of  the  paper  tracing  in 
square  centimeters  was  calculated  from  the  following  equation  : 


Area  of  tracing  =  Area  of  standard  ( 1  sq.  cm.)  x 


wt.  of  tracing 
wt.  of  standard 


Values  so  obtained  were  multiplied  by  the  appropriately  derived  factor  in  order 
to  reduce  them  to  the  actual  cavity  area  oh.served  on  the  radiograph,  expres.sed 
in  square  millimeters. 

We  believe  that  the  cut-out  technic  for  determining  projected  area  repre¬ 
sents  a  real  improvement  over  the  direct-count-of-squares  originally  suggested 
by  Shepherd.  Its  advantages  are  speed  and  greater  freedom  from  systematic 
error. 


Determination  of  Cavity  Votxnne: 

All  white,  friable  enamel  and  softened  dentin  were  removed  with  sharp 
spoon  excavators.  Care  was  observed  in  preserving  sound  tooth  structure.  The 
cavity  was  completely  filled  with  temporary  stopping  and  shaped  to  the  contour 
of  the  tooth.  The  material  was  then  removed  and  weighed  on  an  analytical 
balance.*  Cavity  volume  was  calculated  from  the  expression  : 

Volume  _  "eight  of  filling 

density  of  temporary  stopping 

Since  the  filling  material  was  subjected  to  heat  and  compression  in  the 
course  of  insertion,  it  seemed  possible  that  its  initial  density!  may  have  been 
altered.  In  order  to  check  on  this  point,  the  following  experiment  w’as  under¬ 
taken.  Six  succe.s.sive  fillings  were  placed  in  a  large  molar  cavity.  Each  was 
removerl  in  one  piece,  weighed,  and  the  volume  calculated  as  described.  In 
addition,  volume  was  obtained  directly  from  the  weight  of  water  displaced  by 
the  filling  as  determined  upon  a  hydrostatic  balance.  The  results  of  both  pro¬ 
cedures  were  in  close  agreement  (Table  I)  so  that  little  if  any  change  in  density 
(K'curred  during  insertion. 

Accuracy  and  Precision  of  Methods: 

The  x-ray  technic  employed  was  assumed  to  provide  an  aecui-ate  measure 
of  cavity  dimensions.  Likewise,  the  method  of  cavity  excavation  w’as  assumed 
to  remove  all  decalcified  material.  While  such  assumi)tions  are  probably  valid, 
they  deserve  further  investigation. 

*  Th«'  weight  of  a  few  large  flllingH  was  deriveil  by  difference  between  tooth  weight  before 
and  after  Ailing. 

tDensity  varied  somewhat  from  one  stick  of  material  to  another  but  was  quite  constant 
for  a  given  sampie.  Values  observed  were  2.82.  2.8fl.  2.8«.  and  3.22  Gm.  per  cubic  centimeter. 
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Tabij:  I 

VoM’ME  OK  MoI.AR  FILUNG  DETERMINED  BY  TWO  DIFFERENT  PRIM  EDI  RES 


VOLUME  (rU.  MM.) 


number 

1  DIRECT*  METHOD  | 

INDIRECTt  METHOD 

1 

33. 

33.3 

2 

.34. 

34.2 

3 

35. 

33.9 

4 

34. 

34.2 

5 

33. 

34.2 

6 

32. 

33.3 

Average  31.  .33.9 


•The  term  ‘‘direct”  Inillcatee  that  volume  was  derived  from  the  weight  of  water  displaced 
by  fliliiig  as  determined  upon  a  hydrostatic  balance. 


t‘‘Indirect”  indicates  that  volume  was  calculated  from  the  weight  of  filling  and  the  known 
density  (prior  to  insertion)  of  the  filling  material. 


The  precision  of  area  measurement  was  examined  in  a  series  of  successive 
tracing  made  from  the  radiographs  of  four  cavities.  Precision  of  volume  deter¬ 
mination  was  examined  by  the  repeated  filling  of  six  cavities.  The  degree  of 
reproducibility  of  both  methods  is  shown  in  Table  II.  Variation  was  such  that 
results  were  expressed  to  no  more  than  two  significant  figures  and  were  always 
limited  to  the  first  decimal  place.  As  might  have  been  anticipated,  both  methods 
were  less  precise  when  applied  to  larger  cavities. 

It  should  be  emphasized  that  the  reproducibility  of  the  x-ray  technic  itself 
was  not  investigated.  However,  several  exposures  at  an  anode-film  distance 


Table  II 

Reproducibility  of  Area  and  Volume  Measurements 


TOOTH 

NUMBER  OF 

observations 

CAVITY  AREA  (SQ.  MM.) 

MEAN  ±  STANDARD  DEVIATION* 

Area 

Incisor 

16 

5.10  ±  0.30 

Canine 

20 

4.01  ±  0.12 

Premolar 

20 

4.85  ±  0.23 

Molar 

20 

9.97  ±  0.52 

NUMBER  OF 

CAVITY  VOLUME  (CU.  MM.) 

TOOTH 

observations! 

MEAN  ±  STANDARD  DEVIATION* 

Volume 

Preniolar 

1 

1.4 

6 

1.3  ±  0.1 

Premolar 

1 

2.6 

6 

2.7  ±  0.2 

Molar 

1 

3.0 

6 

3.0  ±  0.1 

Molar 

1 

9.10 

6 

9.33  ±  0.26 

Premolar 

1 

13.2 

6 

14.3  ±  0.2 

.3 

13.4  ±  0.2 

3 

14.5  ±  0.1 

Molar 

1 

31.0 

6 

33.9  ±  0.4 

•Where  N  <  20  the  unbiu.sed  e.stlniHte  of  the  s<tan<lard  deviation  («)  la  given. 


tOnly  conaecutive  obaervatlona  were  uaed  in  the  calculation  of  each  mean.  Single  ob- 
aervationa  and  Individual  groupa  of  obaervatlona  reporte<l  for  the  aame  cavity  were  aeparated 
from  each  other  by  long  intervala  of  time. 
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Table  III 

Area-Volume  Data  for  the  Fifty -five  Cavities  Examined 


AREA  (SQ.  MM.) 

1  VOLUME  (CU.  M.M.) 

1  AREA  (SQ.  MM.)  |  VOLUME  (CU.  MM.) 

Incisor 

Canine 

.2 

.7 

.9 

.7 

.8 

1.5 

1.6 

4.4 

1.5 

1.4 

4.0 

9.4 

1.5 

1.6 

5.1 

13. 

1.6 

2.2 

5.1 

13. 

3.1 

3.9 

7.4 

22. 

3.4 

4.3 

Premolar 

3.6 

7.7 

.3 

.8 

4.1 

5.1 

1.0 

.9 

4.2 

6.1 

1.0 

2.1 

4.8 

8.8 

1.0 

1.0 

5.1 

16. 

1.0 

2.6 

7.2 

17. 

1.7 

3.4 

9.9 

29. 

1.9 

1.3 

13. 

30. 

2.0 

2.7 

2.0 

3.4 

Molar 

2.4 

7.9 

.4 

1.0 

3.2 

7.9 

.7 

3.0 

3.2 

11. 

1.9 

6.0 

4.2 

16. 

2.3 

0.1 

4.9 

13. 

2.4* 

3.2 

4.9 

14. 

3.0 

7.3 

5.2 

6.5 

4.2 

14. 

5.4 

15. 

5.1 

9.1 

5.4 

16. 

8.6 

37. 

5.8 

13. 

10. 

33, 

8.0 

15. 

13. 

57. 

8.1 

19. 

14. 

42. 

8.1 

26. 

16.') 
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of  22  inches  produced  ])etter  definition  of  cavity  outline  than  did  the  short 
distance  employed  throughout  the  study.  These  results  together  with  the 
reports  of  Fitzgerald®’ indicate  that  the  long  anode-to-film  distance  may  be 
of  advantage  both  in  extracted  teeth  and  in  the  mouth. 

RESULTS 

The  experimental  data  for  each  of  the  fifty-five  cavities  are  listed  in  Table 
III.  These  values  were  plotted  and  a  curve  was  drawn  by  inspection  (Fig.  1). 
The  expression,  V  =  A,’  ®  where  V  =  volume  and  A  =  area,  appeared  to  satisfy 
the  requirements  of  the  curve.  Cavities  in  different  morphologic  types  of  teeth 
in  some  cases  tended  to  deviate  from  the  curve;  e.g.,  incisor  cavities  fell  below 
while  molar  cavities  were  somewhat  above.  Because  of  the  relatively  small  num¬ 
ber  of  observations,  the  entire  body  of  data  was  considered  as  a  whole.  It  is 
possible  that  further  information  may  result  in  slightly  different  curves  charac¬ 
teristic  of  the  type  of  tooth. 


DISCUSSION 

Application  of  our  findings  to  clinical  problems  would  proceed  along  the 
following  lines:  Bite-wing  radiographs  of  suitable  quality  are  taken.  The  film 
is  projected  in  a  photographic  enlarger  and  the  area  of  each  cavity  is  determined 
by  the  cut-out  technic.  Volume  is  derived  by  calculation  from  the  equation. 
V  =  A,*  ®  or  by  reference  to  the  graph.  Two  or  more  determinations  separated 
by  suitable  periods  of  time  define  the  rate  of  cavity  increase. 

The  quantitative  relation  between  cavity  area  and  volume  which  has  been 
suggested  is  offered  only  in  a  preliminary  way.  A  number  of  sources  of  error 
must  be  investigated  more  closely  before  the  method  can  be  applied  to  problems 
of  clinical  caries  with  complete  confidence.  The  chief  question  to  be  clarified  is 
the  reliability  of  bite-wing  x-ray  technic.  Nevertheless,  there  is  every  reason  to 
l)elieve  that  a  perfectly  valid  and  reliable  metluKl  can  be  developed.  That  a 
procedure  of  the  sort  we  have  been  developing  can  have  clinical  usefulness  is 
shown  by  the  application  of  the  identical  principle  in  another  field.  Annegers 
and  Ivy"  report  the  estimation  of  changes  in  volume  of  gastric  contents  from 
changes  in  area  of  the  projected  x-ray  shadow’  of  the  stomach. 

SUMMARY 

A  method  has  been  described  for  relating  the  volume  of  an  interproximal 
cavity  to  its  area  as  measured  on  hite-wing  radiographs.  The  equation,  V  -=  A,’  ® 
where  V  =  voluive  and  A  =  area,  was  descriptive  of  this  ndation  in  fifty-five 
cavities.  The  method  may  have  some  application  in  the  study  of  the  rate  of 
tooth  dis.solution  and  in  the  clinical  evaluation  of  dental  caries. 

The  authors  wish  to  express  their  appreciation  to  Dr.  Basil  (I.  Bibby  who  read  the  origi¬ 
nal  manuscript  and  suggested  a  nund)er  of  important  changes. 


166 


J.  E.  GILDA  AND  H.  J.  V.  GOLDBERG 


D.  Re». 
April.  1948 


REFERENCES 

1.  Boyd,  .T.  D.,  and  Cheyne,  V.  D.:  Epidemiologic  Studies  in  Dental  Caries.  I.  The 

Pattern  of  Dental  Caries  in  Iowa  City  Children,  J.  Pediat.  29:  157,  1946. 

2.  Klein,  H.,  Palmer,  C,  E.,  and  Knutson,  J,  W,;  Studies  on  Dental  Caries.  I.  Dental 

Status  and  Dental  Needs  of  Elementary  School  Children,  Pub.  Health  Rep.  53: 
751,  19,38. 

.3.  Bodecker,  C.  F.:  The  Modified  Dental  Caries  Index,  J.  A.  D.  A.  26:  1453,  1939. 

4.  Mellanby,  M.:  Diet  and  the  Teeth.  III.  The  Effect  of  Diet  on  Dental  Structure  and 

Disease  in  Man,  Spec.  Rep.  Ser.  No.  191,  His  Majesty’s  Stationery  Office,  London, 
1934. 

5.  Day,  C.  D.  M.,  and  Sedwick,  H.  J.:  The  Fat-Solulrle  Vitamins  and  Dental  Caries  in 

Children,  J.  Nutrition  8:  309,  1934. 

6.  Boyd,  J.  D.:  Long  Term  Preyention  of  Tooth  Decay  Among  Diabetic  Children,  *4Tn.  J. 

Dis.  Child.  66:  349,  1943. 

7.  Coolidge,  T.  B.:  A  Method  for  the  Chemical  ^Measurement  of  Activity  of  Caries  of 

the  Enamel,  J.  D.  Res.  26:  43,  1947. 

8.  Shepherd,  P.  R.:  Jhe  Estimation  of  the  Rate  of  Spread  of  Dental  Caries,  Brit.  D.  J. 

78:  73,  1945. 

9.  Fitzgerald,  G.  M.:  Dental  Roentgenography.  I.  An  Investigation  in  Adumbration, 

or  the  Factors  That  Control  Geometric  Unsharpness,  J.A.D.A.  34:  1,  147. 

10.  Fitzgerald,  G.  M.:  Dental  Roentgenography.  11.  Vertical  Angulation,  Film  Place¬ 

ment  and  Increased  Object-Film  Distance,  J.A.D.A.  34:  160,  147. 

11.  Annegers,  .1.  H.,  and  Ivy,  A.  C.:  The  Effect  of  Dietary  Fat  Upon  Gastric  Evacuation 

in  Normal  Subjects,  Am.  J.  Physiol.  150:  461,  1947. 


A  NOTE  ON  THE  ESTIMATION  OF  PHOSPHATE  IN  SALIVA 

MURIEL  DAVIE8  AND  JAMEH  J.  RAE 
Chemistry  Department,  University  of  Toronto,  Canasta 

In  the  course  of  an  investigation  on  the  chemical  mechanisms  involved  in  dental  caries 
it  has  been  necessary  to  analyze  salivas  for  inorganic  and  organic  phosphate.  Since  the  results 
obtained  differ  from  those  published  by  Eggers  Lura,i  we  feel  that  a  few  comments  on  the 
methods  used  would  aid  in  the  solution  of  this  fundamental  problem. 

In  Lura’s  paper  there  is,  we  believe,  a  serious  misprint  on  page  206  in  the  paragraph 
headed,  “Calculation  of  Organic  Fractions,”  where  the  plus  signs  should  be  changed  to  minus 
signs  throughout.  We  also  noted  in  passing  that  in  the  list  of  references,  the  paper  ascribed 
to  Glock,  Murray,  and  Pincus:  Biochem.  J.  28:  720,  1934,  should  be  listed,  we  believe,  as  vol. 
.32,  page  2096,  1938,  and  that  the  Giri  reference  preceding  this  has  the  wrong  page  number, 
386  instead  of  306. 

In  our  research  we  found  that  the  total  acid-soluble  phosphate  was  the  same  as  the 
total  phosphate  within  experimental  error.  This  means  that  there  is  no  acid  insoluble 
phosphate  fraction  either  organic  or  inorganic.  Lura’s  available  results  l)ear  out  this  con¬ 
tention,  although  he  has  published  tables  containing  columns  headeil.  Total  Phosphate,  Total 
Acid  Soluble  Phosphate,  as  if  these  were  different  (Tables  VI  and  VII).  In  Table  VIII 
he  arbitrarily  assumes  that  the  differences  between  total  phosphate  and  total  acid  soluble 
phosphate  is  organic  phosphate,  even  though  the  said  results,  according  to  his  statement  at 
the  top  of  page  209,  “were  so  insignificant  that  they  did  not  surpass  the  standard  error.” 

In  other  words,  we  are  of  the  opinion  that  Tables  VI  and  VII  are  attempting  to  portray 
the  same  information;  namely,  the  amount  of  organic  phosphate  in  saliva. 

The  results  Lura  presents  are  open  to  the  objection  that  he  has  taken  no  prei*aution  to 
prevent  the  hydrolysis  of  labile  phosphate  esters.  In  our  experiments  the  saliva  on  oi’casion 
stood  twenty-four  hours  in  a  refrigerator  before  analysis,  and  such  hydrolysis,  we  found, 
could  be  prevented  by  the  addition  of  50  ppm  of  sodium  fluoride. 

We  encountered  another  rather  serious  problem  in  that  it  was  difficult  to  obtain 
trichloro  acetic  acid  filtrates  which  would  remain  perfectly  clear  on  the  addition  of  the  am¬ 
monium  molybilate  reagent  used  in  our  procedure.*  To  overcome  this  difficulty,  it  was  found 
ne<*essary  to  determine  the  total  phosphate  in  the  saliva,  pre<Mpitate  the  inorganic  phosphate 
by  the  addition  of  magnesia  mixture,  and  then  do  a  total  phosphate  on  the  filtrate.  The  dif¬ 
ference  between  the  total  phosphate  before  and  after  this  proi’eilure  is  a  measure  of  the  or¬ 
ganic  phosphate.  Smith*  encountered  a  similar  difficulty  and  overcame  it  by  the  expeilieiit  of 
precipitating  the  inorganic  phosphate  and  reilissolving  it  prior  to  its  estimation. 

EXPERIMENTAL  PROCEDPRE — TOTAL  PHOSPHATE 

One  milliliter  of  saliva  was  digested  with  1.2  ml.  of  60  per  cent  perchloric  acid.  To  this 
solution  was  then  adde<l  1  ml.  of  5  per  cent  ammonium  molytalate  and  1  nd.  of  l-amino-2- 
naphthol-4-sulphonic  acid  reagent.  After  twenty  minutes  the  blue  color  was  compareil  with 
a  standard  phosphate  solution. 

ORGANIC  PHOSPHATE 

To  10  ml.  of  saliva  was  added  0.3  ml.  of  magnesia  mixture  (calculated  excess)  without 
the  ammonium  hydroxide,  and  then  0.3  ml.  of  ammonium  hydroxide.  After  Ijeing  shaken  and 
after  standing  for  ten  minutes,  the  suspension  was  filtered  and  5  ml.  of  the  filtrate  was  di¬ 
gested,  and  the  phosphate  was  determined  in  the  same  manner  as  described  for  total  phos¬ 
phate.  The  difference  between  the  total  phosphate  and  the  organic  phosphate  is  a  measure 
of  the  inorganic  phosphate.  Experiments  were  performeil  to  demonstrate  that  the  amount 
of  fluoride  added  did  not  interfere  with  the  phosphate  analysis  and  that  organic  phosphates 
such  as  glycerophosphates  and  phenyl  phosphates  were  not  occludeil  by  the  magnesium  am¬ 
monium  phosphate.  The  results  are  tabulatetl  in  Table  I  as  follows; 
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Table  I 

Total,  Organic,  ani>  Inorganic  Piio.si*iiate  in  Saliva 


I 


CASE  ! 

T.P. 

MG.  f/r 

O.P. 

MG. 

I.P. 

MG. 

(BY  niEFERENCE') 

O.P. 

T.P. 

LACTOBACII,LUS 

COUNT 

1 

12.7 

1.60 

11.1 

0.13 

0 

2 

16.7 

1.36 

1.5.3 

0.08 

0 

3 

10.8 

0.77 

10.0 

0.07 

0 

4 

15.5 

0.70 

14.8 

0.05 

0 

5 

14.0 

0.99 

13.0 

0.07 

0 

6 

13.9 

0..59 

1.3.3 

0.04 

0 

1 

10.4 

0.68 

9.7 

0.07 

100 

8 

9.3 

1..54 

7.8 

0.15 

250 

9 

9.8 

0.98 

8.9 

0.10 

300 

10 

14.0 

1.13 

12.9 

0.08 

450 

11 

9.8 

1.10 

8.7 

0.12 

900 

12 

12.2 

0.77 

11.4 

0.06 

1,000 

13 

15.0 

1.75 

13.2 

0.12 

2,000 

14 

12.1 

0.58 

11.5 

0.05 

2,000 

15 

11.6 

0.93 

10.7 

0.08 

3,000 

16 

10.4 

0.85 

9.6 

0.09 

9,000 

17 

12.0 

0.88 

11.1 

0.07 

10,000 

18 

16.9 

1.08 

1.5.8 

0.06 

12,000 

19 

11.5 

0.64 

10.9 

0.06 

12,000 

20 

16.7 

0.7.3 

16.0 

0.04 

12.000 

21 

9.8 

1.36 

8.4 

0.14 

15,000 

22 

1.3.7 

0.60 

13.1 

0.04 

15,000 

23 

17.0 

0.83 

16.2 

0.05 

.30,000 

24 

1.3.7 

0.95 

12.7 

0.07 

.36,000 

25 

10.9 

0.74 

10.2 

0.07 

36,000 

26 

11.2 

0.80 

10.4 

0.07 

45,000 

27 

10.1 

0..59 

9.5 

0.06 

60,000 

28 

11.7 

0.55 

11.1 

0.05 

60,000 

29 

11.6 

0.52 

11.1 

0.04 

75,000 

30 

17.2 

0.92 

16.3 

0.05 

75,000 

31 

18.7 

1.30 

17.4 

0.07 

120,000 

32 

11.5 

0.73 

10.2 

0.06 

120,000 

33 

14.5 

0.40 

14.1 

0.03 

120,000 

34 

1.3.8 

1.21 

12.6 

0.09 

.300,000 

35 

11.2 

0.94 

10.3 

0.08 

360.000 

CONCLUSIONS 

The  results  presented  are  more  uniform  than  those  pre.«ented  by  Eggers  Lura. 
Tlie  organic  phosphate  fraction  is  much  smaller  than  he  found  it  to  lie. 

The  ranges  and  average  values  are: 

T.P.  from  9.3  to  18.7  Avg.  12.9  mg.  per  cent 

O.P.  from  0.40  to  1.75  Avg.  1.15  mg.  per  cent 

%O.P.  from  3  to  15  Avg.  7.3 
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THE  ESTIMATION  OF  PHOSPHATE  IN  SALIVA 
(A  Reply) 

H.  EGGEES  LURA 

St.  Elisabeth’s  Hospital,  Holbaek,  Denmark  • 

Tlio  comment  by  Dr.  Muriel  Davies  and  Dr.  James  Rae  has  been  presented  to  me,  and  I 
should  like  to  add  some  few  remarks. 

I  sincerely  regret  the  misprint  on  page  206,  but  it  was  due  to  the  diflSculties  in  getting 
a  second  proof  forwarded  to  Denmark  in  time.  I  am  happy  to  have  it  corrected. 

The  fact  that  your  results  are  more  uniform  than  those  presented  by  me  and  that  the 
organic  fraction  found  by  you  is  mui'h  smaller  than  that  found  by  me,  may  be  explained  by 
the  following  observations: 

First:  Your  storage  of  saliva  twenty-four  hours  before  analysis.  Even  by  refrigeration 
and  by  addition  of  sodium  fluoride  the  values  can  change  considerably  in  this  space  of  time. 

Second:  Your  technic  is  quite  different  from  mine.  Unfortunately,  at  present,  we  have 
no  completely  satisfying  procedure  for  determining  and  identifying  the  phosphate  esters, 
especially  the  labile  phosphate  esters. 

In  my  technic  the  quantity  of  inorganic  phosphate  is  determined  by  direct  colorimetry  of 
the  solution.  You  are  quite  right  that  this  technic  is  open  to  the  objection  that  not  only  the 
real  inorganic  phosphate  is  included  in  the  results,  but  also  some  inorganic  phosphate  split  off 
from  the  acid-labile  phosphate  esters  (especially  guanidine  phosphate)  during  the  sixty  minutes’ 
comparison  time.  It  is  possible  that  some  of  the  higher  inorganic  values  in  my  experiments 
may  be  explained  in  this  manner.  On  the  other  hand,  my  determination  of  total  phosphate 
by  using  the  “  wet-ashing-procedure”  seems  to  be  more  perfect  than  the  digestion  by  per¬ 
chloric  acid  used  in  your  experiment.  You  have  to  remember  that  some  of  the  phosphate 
lil)erated  by  the  digestion  will  be  converted  into  inorganic  pyrophosphate,  a  phosphoric  com¬ 
pound  which  gives  no  color  in  the  colorimetry.  In  my  procedure,  this  error  is  avoided  by  ad¬ 
dition  of  Perhydrol  and  water,  so  that  my  total  P  values  will  be  much  higher  than  yours. 

In  your  determination  of  inorganic  phosphate,  you  are  making  a  precipitation  by  alkaline 
reaction,  but  you  forget  timt  some  alkaline-labile  phosphate  esters  may  be  hydrolyzed  during 
this  procedure.  I  think  a  better  method  would  be  that  indicated  by  Lipmann  in  one  of  his 
investigations  on  acetyl  phosphoric  acid.  In  this  work  the  inorganic  P  is  precipitated  quanti¬ 
tatively  by  a  reaction  between  pH  5  and  pH  7  by  means  of  CaCl,  dissolved  in  30  per  cent  ethyl 
alcohol.  As  a  matter  of  fact,  your  precipitation  of  the  inorganic  phosphate  is  not  at  all 
quantitative.  This  contention  may  be  checked  in  the  following  manner: 

To  a  solution  containing  some  known  quantity  of  inorganic  phosphate  a  little  radio¬ 
active  phosphate  (some  few  gamma  of  Psz)  dissolved  in  water  is  added.  Afterward  the 
precipitation  is  made  in  the  usual  manner  with  ammonium-magnesium-hydroxide.  After  re¬ 
moval  of  the  precipitate  it  appears  that  the  supernatant  liquid  which  ought  to  be  free  from 
phosphate  still  contains  a  considerable  amount  of  unprecipitated  radioactive  phosphate 
(10-15  per  cent). 

In  short,  my  conclusions  are  the  following: 

1.  I  have  use<l  a  technic  which  gives  greater  values  of  inorganic  phosphate,  and  es¬ 
pecially  of  total  phosphate. 

2.  You  have  used  a  technic  which  gives  smaller  values,  especially  of  total  P. 

3.  Both  my  procedure  and  yours  are  ofam  to  considerable  experimental  errors,  but  for 
the  present,  unfortunately,  we  have  no  better  technic.  It  is  difficult  to  decide  which  of  the 
methods  is  the  better  one. 

The  aim  of  my  paper  was  only  to  point  out  a  single  experimental  error  in  the  investiga¬ 
tion  of  the  salivary  phosphates,  namely,  the  salivary  phosphatases.  I  know  that  there  are 
still  many  other  errors  and  unsolved  problems  in  this  area,  but  I  hope  that  we  may  succeed 
in  discovering  as  many  of  these  errors  as  possible.  I  shall  always  be  grateful  for  any  ob¬ 
jective  and  rational  criticism,  and  esj)ecially  for  any  better  proposal. 
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A  DENTAL  EXAMINATION  RECORD  FORM  FOR  STATISTICAL 
MACHINE  TABULATION 

HENRY  KLEIN*  AND  MORTON  KRAMER** 

United  States  Public  Health  Service,  Wa^ihington,  D.  C. 

IT  IS  now  fully  a  decade  since  the  Hagerstown  Dental  Examination  Form  was 
developed.^  The  statistical  processing  methods  applied  to  findings  recorded 
on  that  form  have  proved  of  much  utility  in  analysis  of  epidemiological  data 
in  the  dental  caries  problem.*  *  The  Hagerstown  Dental  Recording  System 
requires  that  the  dentist-examiner  learn  a  code  corresponding  with  his  direct 
observations  on  the  teeth  and  mouth.  The  appropriate  symbols  making  up  the 
code  are  called  out  by  the  dentist-examiner  to  a  clerical  assistant  who  w^rites  the 
code  symbols  directly  on  the  examination  form.  In  the  subsequent  transfer  of 
the  dental  findings  to  Hollerith  punch  cards,  the  code  symbols  which  appear 
on  the  examination  form  are  punched  directly  onto  the  card.  Although  this 
procedure  eliminates  a  good  amount  of  the  usual  clerical  manipulation  of  dental 
examination  forms,  hand  punching  for  all  the  data  is  required. 

In  the  decade  which  has  elapsed  since  the  Hagerstown  Form  was  first  intro¬ 
duced,  several  improvements  and  adaptations  of  the  basic  form  have  been  made 
in  connection  with  a  variety  of  special  studies.  All  of  these  changes  have  been 
in  the  direction  of  simplification  in  order  that  the  dentist-examiner  might  give 
maximum  attention  to  the  dental  examination  per  se,  and  in  order  to  reduce, 
to  the  greatest  extent,  subsequent  clerical  handling  of  the  record  form. 

The  development  of  mark  sen.sing,+  makes  it  possible  to  introduce  further 
simplifications.  losing  an  a])propriately  designed  form,  the  observer  calls  out 
his  findings  to  a  clerk  who  marks  them  with  an  electrographic  pencil  in  precoded 
spaces.  The  cards  so  marked  are  then  ready  for  mechanical  punching.  This 
procedure  eliminates  entirely  the  usual  intermediate  steps  of  coding,  hand 
punching,  and  hand  verification  for  a  majority  of  the  items  to  be  tabulated. 

Design  of  a  mark  sense  record  form  for  dental  examination  findings  was 
directly  stimulated  by  the  experience  of  one  of  the  authors  (M.  K.)  in  the 
development  of  such  cards  for  tuberculosis  clinic,  mass  x-ray,  and  sanatorium 
records.  It  is  the  purpose  of  the  present  communication  to  describe  a  particular 
mark  sense  eard  which  has  been  designed  specifically  for  dental  examinations. 
The  card  has  been  tested  in  the  fields  and  found  to  be  exceptionally  suitable  for 
recording  the  dental  status  of  population  groups. 

Description  of  Examination  Record  Form: 

The  examination  record  form  consists  of  a  manila  card  measuring  7%  in. 

Received  for  publication  Jan.  13.  lft4S. 

•Division  of  Public  Health  Method.s. 

••International  Office  of  Health  Relation.s. 

tThe  mark  sen.se  principle  takes  advantage  of  the  fact  that  when  cards,  marked  with  a 
stjecial  mark  sense  pencil  containing  lead  with  a  high  gniphite  content,  are  fed  through  an  IBM 
Mark  Sense  Reproducer  electric  current  flows  through  the  graphite  marks  and  causes  holes  to 
be  punched  in  certain  preselected  columns. 

tThe  form  has  been  tested  in  the  examination  of  a  population  group  residing  at  Isle 
Madame.  Cape  Breton  Island.  Nova  Scotia ;  in  a  cooperative  stu<ly  with  Dr.  L.  Richter  of 
Dalhousie  University,  Halifax,  Nova  Scotia. 
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by  3V4  in.,  the  standard  International  Business  Machine  punch  card  size.  The 
front  of  the  card  (Fig.  1)  is  divided  into  four  major  segments.  The  first  seg¬ 
ment  on  the  left-hand  side  of  the  card  provides  space  for  recording  such  items 
as  the  name  and  address  of  the  person  examined,  age  and  sex,  marital  status, 
and  number  of  children  in  family.  Space  is  also  provided  for  a  roster  of  names 
of  persons  in  the  household  as  well  as  ease  and  family  number.  On  the  bottom 
of  the  first  segment,  space  is  available  for  recording  .summations  of  findings 
on  the  individual  teeth  as  recorded  on  the  mark  sense  segments  of  the  card. 
The  second  segment  to  the  right  provides  space  for  checking  age  and  sex.  The 
remaining  segments  on  the  front  of  the  card  provide  space  for  marking  the 
condition  of  each  tooth  space  (deciduous  or  permanent)  on  the  right  and  left 
sides  of  the  upper  jaw. 


•Front  of  mark  sense  dental  examination  form  showing  items  recorded  by  clerk  from 
information  called  out  verbally  by  dentist-examiner. 


The  back  of  the  card  (Fig.  2)  consists  of  a  segment  on  the  left  (remarks) 
for  recording  special  observations  and  notes  relevant  to  the  case.  Next,  a  space 
is  provided  for  checking  observations  on  occlusion.  The  remaining  segments 
(except  for  that  on  the  extreme  right  of  the  card  where  recommendations  for 
dentures  are  recorded)  provide  space  for  recording  findings  on  the  individual 
teeth  (deciduous  or  permanent)  on  the  left  and  right  sides  of  the  lower  jaw. 

Procedure  for  Use  of  the  Form: 

An  electrographic  pencil  is  used  to  record  the  information.  The  clerk 
interviews  the  patient  and  records  appropriate  items  such  as:  case  number, 
family  number,  patient’s  name,  age,  sex,  marital  status,  number  of  children 
and  siblings  and  family  roster.*  Age  and  sex  are  marked  in  the  appropriate 
mark  sense  fields.  The  dentist-examiner  then  begins  his  examination  and  calls 
out  his  findings  which  the  clerk  marks  in  the  appropriate  columns.  The  observa¬ 
tions  are  made  first  on  the  teeth  in  the  left  upper  jaw  beginning  with  the  central 

•The  Information  on  family  was  obtained  for  the  Nova  Scotia  group  for  analysis  of  the 
familial  factors  in  the  epidemiology  of  dental  disease.  However,  the  space  on  the  card  used 
here  for  family  information  could  be  utilized  to  record  any  other  type  of  information  desli-ed 
instead. 
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incisor  (Fig.  1).  When  the  examination  of  the  upper  jaw  is  completed,  the 
clerk  reverses  the  card  Avhere  findings  on  the  teeth  of  the  lower  jaw  are  similarly 
recorded  (Fig.  2). 

For  each  tooth  space  one  of  the  following  findings  may  be  marked : 


Permanent  Teeth 

Deciduous  Teeth 

Unerupted 

PO 

Normal 

DO 

Normal 

PI 

Decayed 

D1 

Decayed 

P2 

Filled 

D2 

Missing 

P.3 

Extracted 

D.3 

Filled 

P4 

Extracted 

P5 

At  the  close  of  the  examination  period,  the  clerk  adds  the  number  of  teeth 
decayed,  the  number  missing,  the  number  filled,  and  the  number  recommended 
for  extraction.  These  summary  figures  are  entered  in  the  bottom  line  of  the 
firet  field  on  the  front  of  the  card  and  are  added  together  to  give  the  total 
number  of  the  teeth  decayed,  missing,  or  filled  (DMF) . 


The  card  is  punched  in  two  operations  (Fig.  3)  :  (1)  Mark  sense  punching: 
All  marked  items  on  the  front  and  back  of  the  card  activate  meclianical  punch¬ 
ing  by  the  mark  sense  reproducer  into  columns  3-38.  (2)  Hand  punching:  Case 
number,  family  number,  number  of  teeth  decayed,  number  missing,  number 
to  be  extracted,  number  filled,  and  total  number  (DMF)  are  hand  punched  into 
columns  39-56.  Additional  items,  such  as  the  number  of  deciduous  teeth  present 
in  the  mouth*  and  the  number  of  such  teeth  decayed  and  filled,  as  well  as  other 
observations  can  be  hand  punched  in  the  remaining  twenty-four  columns  on  the 
card. 

‘The  oriKinal  card  design  does  not  provide  blocked  spaces  for  summarizing  findings  on  the 
deciduous  teeth.  However,  this  is  readily  accomplished  by  simply  placing  the  necessary  spaces 
in  the  summary  section  of  the  card. 


Fig.  2. — Back  of  mark  sense  dental  examination  form  showing  items  recorded  by  clerk  from 
information  called  out  verbally  by  dentist-examiner. 
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Utility  of  the  Form: 

Ideally,  a  dental  examination  should  provide  a  dentist-examiner  with  facil¬ 
ities  which  free  him  completely  from  distractions  so  that  he  can  concentrate 
his  entire  attention  on  the  oral  examination  during  which  he  can  call  out  his 
findings  verbally  for  recording.  In  many  instances  in  current  practice,  the 
dentist-examiner  records  the  findings  himself,  thus  interrupting  his  observations 
and  therefore  interfering  with  the  examination.  In  other  instances,  the  findings 
may  be  dictated  into  a  voice-recording  machine  and  later  transcribed  by  a  clerk. 
Following  these  manipulations,  the  record  foim  is  coded,  hand  punched,  and 
verified.  Only  after  considerable  handling  are  the  records  ready  for  tabulation. 

Use  of  the  form  described  in  the  present  communication  eliminates  most  of 
the  aforementioned  steps.  Clerical  handling  is  reduced  to  a  minimum.  Many 
errors  which  frequently  occur  through  hand  processing  of  statistical  record 
forms  are  avoided.  The  most  attractive  feature  of  the  use  of  the  mark  sense 
form  is  the  fact  that  the  dentist-examiner  can  give  maximum  attention  to  the 
mouth  examination  per  se.  An  important  feature  of  the  form  is  the  fact  that 


Fig.  3. — The  same  mark  sense  dental  examination  form  as  shown  in  Figs.  1  and  2.  Illus¬ 
trating  apt>earance  of  card  after  items  recorded  on  front  and  back  (see  Figs.  1  and  2)  have  been 
mechanically  punched  into  columns  3  through  38  and  hand  punched  into  columns  39  through  56. 


the  mark  sense  cards  are  readily  duplicated  and  therefore  the  original  schedule 
cards  can  be  used  as  file  cards  and  the  duplicated  set  for  machine  tabulation. 
A  further  advantage  accrues  because  summarization  of  the  findings  on  the  teeth 
is  accomplished  by  adding  marks  along  horizontal  rows.  For  example,  the  total 
number  of  decayed  permanent  teeth  is  obtained  by  adding  together  all  the 
marked  P2  positions  on  the  front  and  back  of  the  card. 

For  those  situations  where  a  mark  sense  reproducer  is  not  available,  the 
marked  record  still  remains  an  efficient  self-coded  form  which  facilitates  hand 
punching.  For  those  who  may  not  wish  to  use  a  printed  card  of  punch  card 
size,  the  self-coded  features  described  in  this  paper  could  be  used  on  a  mimeo¬ 
graphed  schedule  form.  Finally,  the  type  of  form  which  has  been  described 
lends  itself  to  a  variety  of  applications.  Although  its  use  in  dental  examination 
has  been  described,  adaptations  of  the  form  can  be  readily  developed  for  clinic 
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operations  where  dental  serviees  dispensed  could  be  recorded  in  an  efficient 
manner  and  from  which  job  analysis  of  clinic  operations  and  practice  could  he 
conveniently  accomplished. 

Although  the  card  described  has  the  attributes  mentioned,  it  is  important 
to  indicate  that  the  mark  sense  procedure  requires  extreme  care  in  the  physical 
handling  of  the  cards.  The  cards  must  be  fed  through  complicated  and  deli¬ 
cately  balanced  electrically  activated  machines,  and  serious  losses  in  time  and 
efficiency  follow  disregard  of  the  special  attention  required  in  the  marking  and 
handling  of  the  cards.  To  some  extent  these  precautions  may  be  considered  to 
detract  from  the  utility  of  the  form,  especially  for  those  inexperienced  in  its 
use.  However,  the  rules  for  the  care  and  handling  are  simple  and  straightfor¬ 
ward  and  no  more  demanding  than  other  items  of  attention  that  must  be 
obsei^ed  in  any  careful  proces-sing  of  accurately  determined  seientific  observa¬ 
tions. 
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WKATHER  CONDITIONS  AFFECTING  PATIENTS’  REACTIONS 
TO  LOCAL  ANESTHETICS 

A  Report  of  1,319  Consecutive  Cases 

ALLISON  G.  JAMES,  D.D.S. 

Beverly  Hills,  Calif. 

INTRODUCTION 

Having  used  loeal  anesthetics  for  over  twenty  years  in  operations  on  the 
teeth,  I  have  observed  numerous  instances  in  which  it  has  been  impossible 
to  obtain  complete  anesthesia  of  the  dental  pulp.  In  certain  cases  a  second  in¬ 
jection  has  produced  the  desired  result,  but  in  some  even  a  third  injection  has 
not  resulted  in  pulp  anesthesia.  A  few'  cases  have  evidenced  minor  toxic  re¬ 
actions.  While  there  has  been  an  extensive  literature  published  on  the  effect  of 
weather  change  on  patients  subjected  to  drugs,*’  **  a  correlation  between 
weather  change  and  degenerative  diseases,  such  as  heart  disea.se  and  dia¬ 
betes,®’  *’  **’  W’eather  effects  upon  allergic  manifestations,®’  *  and  weather  influ¬ 
ences  upon  infectious  diseases,*  *®  to  my  knowledge  there  has  not  been  any  work 
done  on  the  possible  weather-local  anesthetic  reaction  relationship.  Some  years 
ago  it  seemed  to  me  that  these  occasional  abnormal  anesthetic  reactions  might 
have  a  seasonal  relationship,  the  impression  being  that  they  occurred  chiefly  in 
the  hot,  dry  months  of  August,  September,  and  October.  This  investigation  was 
begun  to  determine  the  possible  relationship  between  weather  conditions  and 
patients’  reactions  to  local  anesthetics.  Only  the  preliminaiw'  phases  of  this  sub¬ 
ject  are  reported. 

MATERIALS  AND  METHODS 

All  observations  are  from  my  practice  of  general  dentistry,  exclusive  of  sur¬ 
gery’  and  orthodontia,  in  Beverly  Hills,  California.  They  cover  the  period  of 
twenty-four  months,  from  July  1,  1945,  to  June  30,  1947.  In  this  period  there 
were  4,112  office  appointments,  during  which  1,319  local  anesthetics  were  ad¬ 
ministered  for  purposes  of  cavity  preparation  upon  vital  teeth.  Multiple  cavity 
preparations  were  done  under  many  of  these  anesthetics.  Obviously  a  single 
patient  may  be  represented  several  times  in  the  series. 

Only  three  types  of  injection  were  used : 

1.  Mandibular  block  for  the  inferior  alveolar  nerve:  used  for  all  opera¬ 
tions  on  the  mandibular  teeth. 

2.  Tuberosity  block  of  the  posterior  division  of  the  superior  alveolar 
nerve:  used  for  all  operations  on  the  posterior  maxillary  teeth,  and 
occasionally  adequate  for  the  whole  quadrant. 

.3.  Subperiosteal:  used  for  operations  on  the  anterior  maxillary  teeth, 
and  occasionally  on  the  premolars.  This  injection  is  made  very  slowly 
to  avoid  trauma  and  possible  ballooning  of  the  tissues. 

No  premedication  was  used  at  any  time.  All  injections  were  made  by  me; 
my  technic  and  rate  of  injection  have  become  standardized  through  experience 

Received  for  publication  Sept.  12,  1947.  Revised  by  author  Jan.  10,  1948. 
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over  many  years.  The  same  formula  of  solution*  was  used  in  all  cases.  The  age 
range  of  patients  anesthetized  was  5^^  to  76  years.  There  were  413  male  pa¬ 
tients  (31  per  cent),  and  906  female  patients  (69  per  cent). 

An  anesthetic  reaction  has  been  designated  ioxic  when  the  oj^erator  has 
observed  any  objective  symptom  such  as  lilanching,  tremor,  or  tacliycardia,  or 
when  the  patient  has  reported  a  subjective  symi>tom  such  as  slight  nausea,  weak¬ 
ness  in  the  knees  or  ellxiws,  or  a  feeling  of  fullness  in  the  throat.  In  no  instance 
did  any  reaction  progress  to  the  point  of  fainting,  and  the  duration  of  such 
sjTnptoms  has  in  no  instance  exceeded  three  and  one-half  minutes.  These  reac¬ 
tions  are  not  to  be  confused  with  those  of  psychic  origin.  In  my  office  there 
is  no  discussion  of  the  use  of  local  anesthesia ;  the  syiinge  is  never  seen  by  the 
patient  and  frequently  symptoms  of  numbness  are  the  first  knowledge  the 
patient  has  that  an  anesthetic  has  been  administered.  Typical  of  psychic  reac¬ 
tions  are  those  which  were  sometimes  observed  prior  to  1944,  when  surgery  was 
still  being  done  in  the  office.  Some  patients  who  had  been  anesthetized  numer¬ 
ous  times  for  cavity  pix^paration  with  no  reaction  whatsoever,  became  faint,  and 
even  at  times,  nauseated  from  the  same  injection  when  made  for  purposes  of 
extraction.  The  large  majority  of  the  patients  in  my  practice  have  been  so 
conditioned  for  many  years  to  local  anesthesia  for  cavity  preparation  that  more 
apprehension  would  be  expected  from  a  discussion  of  the  possibility  of  omitting 
it  than  from  the  anticipation  of  an  injection. 

An  anesthetic  has  been  designed  abnormal  when  there  was  incomplete 
anesthesia  of  the  dental  pulp,  or  when  the  duration  of  anesthesia  was  unusually 
short. 

Many  of  the  ]iatients  aie  represented  in  both  categories  (i.e.,  toxic  or  ab- 
noiTual),  but  not  at  the  same  time.  With  one  exception  there  has  not  been  a 
toxic  manifestation  with  an  incomplete  anesthetic. 

The  reactions  to  anesthetics  have  been  placed  day  by  day  upon  a  graph, 
the  noi-mal  appearing  above  the  line  established,  the  abnormal  below  the  line 
with  the  sex  indicated.  The  toxic  reactions  are  indicated  by  a  T  in  a  sex  symbol 
on  the  date  of  occurrence.  A  diary  of  the  daily  anesthetics  has  been  kept  con¬ 
currently.  At  the  end  of  each  month  a  weather  summary,  supplied  by  the 
Weather  Bureau  of  the  United  States  Department  of  Commerce  at  Los  Angeles, 
has  been  used  to  mark  on  the  graph  the  weather  changes  shown. 

An  attempt  by  me  some  years  previously  to  coordinate  anesthetic  reactions 
with  barometric  change  was  inconclusive.  While  there  is  very  slight  variation 
in  barometric  pres.su res  in  this  area,  it  was  felt  that  with  all  other  pertinent 
w'eather  data  included  and  correlated,  some  relationship  to  barometric  pressures 
might  become  evident. 

EXPLANATION*  OF  MONTHLY  GRAPHS 

The  daily  prevailing  windt  is  shown  at  the  top  by  the  letter  indicating  its  source. 

*NPC.  procaine  2  per  cent,  pontocaine  0.15  per  cent,  cobefrin  1 :10,000,  in  carpules. 

tThis  was  suspected  as  of  possible  importance.  The  prevailing  winds  are  westerly  from  the 
Pacific,  but  winds  blowing  from  the  desert,  that  is.  from  the  east,  or  locallv  from  the  north, 
cause  a  sharp  decrease  in  the  relative  humidity.  This  results  in  retention  of  body  static  charges, 
with  an  observed  increase*!  irritability  in  both  human  beings  and  domestic  animals.  Such  a 
wind  blowing  with  a  velocity  of  22  miles  or  more  per  hour  is  known  locally  as  a  Santa  Ana, 
indicated  by  SA  on  the  graph. 
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The  daily  maximum  temperature  is  recorded  next,  and  below  that  the  daily  minimum, 
the  shaded  portion  l»etween  the  two  curves  representing  the  daily  temperature  range  or  spread. 
On  the  days  in  which  an  abnormal  or  incomplete  anesthetic  occurretl,  an  arrow  indicates  the 
rise  or  fall  of  the  maximum  temjterature  from  that  of  the  preceding  day.  The  numlier  of 
degrees  appears  almve  the  arrow. 
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Fig.  1. 


Toxic  manifestations  are  indicated  by  a  “T”  in  the  sex  symbol  on  the  date  of  occur¬ 
rence  above  the  maximum  temperature  curve. 

The  daily  barometric  pressure  taken  at  4:30  p.m.  appears  immediately  l)elow.  The  rise 
(f)  or  fall  (i)  deviation  from  the  reading  of  the  precwling  day  at  the  same  hour  is  indicated 
in  inches.  N.C.  indicates  no  change. 


AT.I.ISOX  0.  .TAMEST 


I.  n  Rr5. 
April.  1148 


Both  the  normal  (alwve  the  line)  and  almornial  (lielow  the  line)  anesthetic  reactions 
are  shown  next,  with  the  sex  of  the  abnormal  anesthetic  cases  indicated. 

Below  these  anesthetic  rer'ordinffs  are  the  daily  relative  humidity  ({rer  cent  of  saturation 
of  the  atmosphere)  readings  taken  at  4:30  a.m.  and  at  12  noon.  In  the  l>eginning  a  4:00 
P.M.  reading  was  also  includerl,  but  it  was  soon  noted  that  the  deviation  from  the  noon  reading 
was  so  slight  that  it  was  dis<‘ontinue<l. 

At  the  Irottom  the  prerdpitation  in  inches  is  recorder!  by  the  black  bl(M*ks. 
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Fig.  2. 


OBSERVATIONS 

Twenty-four  monthly  graphs  record  the  daily  changes  by  months  in  all 
observed  data.  In  addition,  there  a])[)ear  case  histories  of  all  instances  where 
toxic  reactions  or  abnormal  anesthetics  occurred.  For  illustration  the  graphs 
of  two  consecutive  months  (Figs.  1  and  2)  have  been  select e<l. 
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The  toxic  manifestation  noted  March  2,  1946,  is  somewhat  atypical,  but  it 
api)cared  diirinff  a  five-def?ree  temperature  drop  from  the  third  of  three  suc¬ 
cessive  exagRcrated  peaks  occurring  in  the  preceding  six  days. 

The  two  incomplete  anesthetics  noted  March  5,  1946,  were  associated  with 
a  small  temperature  peak  following  the  three  exaggerated  ones  previously  noted, 
hut  also  with  an  unusual  rise  in  barometric  pressure  of  0.23  inches. 

The  sulweciuent  incomplete  anesthetics  and  toxic  reactions  noted  in  Figs. 

1  and  2  are  typical  of  the  relationships  observed:  the  abnormal  anesthetics 
a|)peanng  near  temperature  peaks,  most  frecpiently  on  the  rising  incline,  and 
the  toxic  reactions  following  marked  temperature  falls. 

March  1946 

Abnormal  or  Incomplete  Anesthetics 

March  5:  M.  W.,  .ta-yoar-old  woman.  Mandibular  right  third  molar.  E.xtimated  90 
|KT  cent  |)ulp  anesthesia.  Patient  is  nervous  type,  and  two  months  previously  had  undergone 
an  hystereetoniy.  Tul*erosity  injection  (left),  5-2-46,  gave  ninety  minutes  of  complete  pulp 
anesthesia  for  operations  on  several  teeth. 

March  5:  D.  C.,  42-year-old  woman.  I^eft  mandibular  block  gave  estimated  85  per 
cent  pulp  anesthesia.  Second  injection  of  1  c.c.  of  solution  resulted  in  complete  anesthesia 
within  two  minutes.  Same  area  had  Iteen  successfully  anesthetized  with  one' injection  preced¬ 
ing  day,  .1-4-46. 

March  9:  TI.  1).  R.,  .lO-year-old  woman.  I.ieft  mandibular  block,  estimateil  90  per 
cent  pulp  anesthesia. 

Toxic  Manifestations 

March  i:  I.  R.,  50-year-old  woman.  Left  mandibular  injection.  No.  22  of  twenty-four 
anesthetics  administereil  over  thirty-month  period.  Marked  blanching  observe<l  which  passed 
within  two  minutes.  All  anesthetics  have  l)een  complete  for  this  patient;  this  is  only  instance 
of  toxic  reaction. 

March  t9:  M.  F.,  47-year-old  woman,  unmarried.  Because  of  reactions  such  as  hot 
flashes,  cauterization  was  done  in  August,  1943,  to  halt  menstruation.  In  January,  1946.  had 
one  week  of  flow.  February  no  flow,  and  March  no  flow  to  this  date.  Right  mandibular  blo»-k 
was  made.  Patient  showetl  moderate  blanching,  experienced  trenmr  in  knees  and  ellmw. 
.\nesthesia  was  complete.  Upon  leaving  operating  room  after  .sixty  minutes  of  uneventful 
bridge  abutment  preparations,  patient  experience*!  sudden,  unexiHMded  menstrual  flow  of 
hemorrhage  proportions,  necessitating  assistance  of  nurse.  Remained  in  lied  next  day  and 
then  had  no  flow.  Patient  was  again  anesthetized  4-5-46,  with  left  mandibular  bltK'k.  No 
objective  or  subjective  toxic  symptoms,  but  upon  arrival  home,  again  experience*!  unex|>e*"ted 
menstrual  flow,  although  not  so  severe  as  pre«‘eding  week.  I.rf*ft  mantlibular  blwk  admini.stere*! 
4-19-46  was  uneventful  in  all  respects.  Patient  again  noted  4-29-46.  Neoplasm,  Itenign  or 
malignant,  has  lieen  rule<l  out  by  competent  medical  attendants. 

April  1946 

Abnormal  or  Incomplete  Anesthetics 

April  11:  L.  L.,  M.I).,  29-year-old  man.  l^ft  mandibular  bltM'k,  estimated  75  cent 
pulp  anesthesia.  Patient  subject  to  constitutional  inadequacies,  hypotension,  renal  stone,  re 
suiting  in  release  from  active  duty  with  Air  ('orps  (M.O.). 

April  15:  B.  O.  M.,  55-year-ohl  woman.  I^eft  mandibular  bhs-k  90  jier  cent  pulp  aues 
thesia.  This  jwtient  has  for  some  years  experienced  low  circulatory  efliciency,  high  sus»-epti 
bility  to  respiratory  infe<*tion. 

April  S6:  A.  J.,  44-year-old  woman.  I.s'ft  manilibular  bbs-k,  estimated  80  |H‘r  cent  pulp 
anesthesia.  Nerve  hypertension. 
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Toxic  Manifestations 

April  13:  W.  A.  C.  R.,  38-year-old  man.  I^eft  tuberosity  injection,  marked  blancliing. 
April  X7 :  W.  A.  C.  R.,  38-year-old  man.  Left  tuberosity  injection,  marked  blanching. 
From  June,  1941,  through  November,  1944,  this  patient  never  displayed  any  untoward  symp¬ 
toms  from  injections.  All  gave  complete  anesthesia.  Following  his  return  from  foreign 
service,  the  last  two  of  four  injections  produced  the  previously  stated  results.  The  first  two 
produced  borderline  objective  symptoms.  Anesthetics  administered  to  this  patient  in  June, 
July,  and  August,  1946  have  all  been  complete  and  have  produced  no  toxic  symptoms  what¬ 
soever. 

April  i9:  M.  F.,  47-year-old  woman.  Patient  noted  3-29-46.  Right  mandibular  block. 
Complete  anesthesia.  Slight  sensation  in  knees  and  elbows,  but  no  other  reactions.  As  of 
May  19,  1946,  there  had  l)een  no  further  menstrual  flow. 

Fifty-six  (4  per  cent)  of  the  1,319  consecutive  anesthetics  were  found  to 
be  abnormal,  or  incomplete.  Nineteen  (1.4  per  cent)  of  the  1,319  anesthetics 
gave  minor  toxic  reactions.  Table  I  shows  that  incomplete  or  abnormal  anes¬ 
thetics  occurred  most  frequently  with  mandibular  injections,  and  that  there  was 
no  differentiation  among  the  toxic  manifestations  as  to  type  of  injection. 

Table  I 

Of  the  total  anesthetics  administered: 

7.3%  of  the  mandibulars  were  incomplete 
1.4%  of  the  tuberosities  were  incomplete 
2.2%  of  the  subperiosteals  were  incomplete 

1.2%  of  the  mandibulars  gave  toxic  reactions 
1.1%  of  the  tuberosities  gave  toxic  reactions 

_ 1.8%  of  the  subperiosteals  gave  toxic  reactions _ 

Table  II  gives  the  same  data  in  a  slightly  different  light.  It  is  seen  that 
while  73  per  cent  of  the  incomplete  ane.sthetics  were  in  mandibular  injections, 
the  percentage  of  toxic  manifestations  corresponds  fairly  elosely  to  the  total 
percentages  of  each  type  of  injection  made. 


Table  II 

Akesthetics  by  Type 


TYPE  1 

ANESTHETICS  | 

incomplete  I 

TOXIC 

REACTIONS 

Mandibular 

556 

42% 

41 

73% 

7 

37% 

Tuberositv 

269 

20% 

4 

8% 

3 

16% 

Subperiosteal 

494 

38% 

11 

19% 

9 

47% 

Total 

1,319 

100% 

56 

100% 

19 

100% 

Table  III  indicates  that  there  is 

little  difference  observable  according  to 

sex.  The  percentages  of  incomplete  anesthetics  by  sex  very  closely  approximate 

the  percentage  of  the  total  anesthetics  administered  by  sex. 

as  do  those  of  toxic 

manifestations. 

Table  III 

Anesthetics  According  to  Sex 

1 

1 

INCOMPLETE 

TOXIC 

SEX 

1  ANESTHETICS  | 

ANESTHESIA 

REACTIONS 

Men 

413 

31% 

19 

33% 

7 

37% 

Women 

906 

69%. 

37 

67% 

12 

63% 

Total 

1,319 

5(> 

100% 

19 

100% 

In  Fig.  3  comparisons  of  the  two  twelve-month  periods  have  been  made. 
The  first  year,  from  July,  1945,  through  June,  1946,  is  represented  in  both 
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grai)hs  by  the  solid  line.  The  broken  line  represents  the  second  year  from  July, 
1946,  through  June,  1947.  In  the  upper  portion  are  plotted  the  number  of 
abnonnal  or  incomplete  anesthetics  by  months  for  each  of  the  two  years.  It 
will  be  noted  that  a  comparable  number  of  abnormal  anesthetics  occurred  each 
year  with  reasonably  close  approximation  in  the  total  number  of  anesthetics 


ABNORMAL  ANESTHETICS 


NUMBER  OF 
INCOMPLETE 
ANESTHETICS 


NUMBER  OF 
TOXIC 
REACTIONS 


Fig.  3. — Comparison  of  abnormal  anesthetics  and  toxic  reactions  for  two  twelve-month  periods. 

administered  for  each  year.  When  allowance  is  made  for  the  advance  or  re¬ 
tardation  of  the  seasons  it  will  be  seen  that  the  curve,  for  1946-1947  is  very 
similar  to  that  of  the  first  year  of  the  study.  Moving  the  curve  of  the  second 
year  one  month  farther  along  will  give  a  very  close  parallelism.  The  graphing, 
of  the  abnormal  anesthetics  in  this  way  appears  to  afford  some  support  to  the 
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previously  mentioned  seasonal  theory.  A  similar  sraphin^  of  the  number  of 
toxic  reactions  immediately  following  is  so  placed,  and  on  the  same  scale  for 
comparative  purposes.  It  offers  no  support  for  this  seasonal  concept,  since  it 
shows  no  correlation  whatsoever. 

Winds  blowing  from  points  Avithin  the  180  degree  sector  represented  by  the 
directions  northwest,  west,  southwest,  south,  and  southeast  are  ocean  winds. 
Those  from  points  within  the  opposite  sector  are  desert  winds. 

Table  IV  shows  the  relation  of  the  daily  prevailing  wind  to  anesthetic 
reactions.  Forty-six  (82  per  cent)  of  the  fifty-six  incomplete  anesthetics,  oc¬ 
curred  on  days  w’hen  the  prevailing  wind  was  from  the  ocean,  whereas  only  ten 
(18  per  cent)  occurred  on  days  when  winds  from  the  desert  were  prevailing. 
In  the  ease  of  the  toxic  reactions  the  division  is  almost  equal :  nine  occurred  on 
days  of  prevailing  ocean  winds,  and  ten  on  days  when  desert  winds  prevailed, 
for  a  total  of  nineteen. 

Table  IV 

Abnormal  Anesthetics  and  Toxic  Reactions  Related  to  Daily  Prfa’ailing  Winds 


PREVAILING  WIND 

INCOMPLETE 

ANESTHETICS 

TOXIC 

REACTIONS 

Ocean 

46 

82% 

9 

47% 

De.sert 

10 

18% 

10 

53% 

Totals 

.‘56 

100% 

19 

100% 

Figs.  4,  5,  6,  and  7  are  summaries.  They  present  the  averaged  conditions 
jireceding  incomplete  anesthetics  and  toxic  manifestations  for  a  period  of  thir¬ 
teen  days  before  the  date  of  occurrence  and  for  the  succeeding  seven  days. 

As  this  investigation  progressed,  it  became  evident  that  the  incomplete  or 
abnormal  anesthetics  were  associated  with  temperature  peaks,  and  most  fre¬ 
quently  with  second  or  third  peaks.  The  intervening  temperature  dips  are 
referred  to  as  jiolar  infalls.  Furthermore,  the  toxic  manifestations  appeared  in 
as.sociation  with  the  ])olar  infalls.  It  is  to  be  noted  that  the  change  in  tempera¬ 
ture  is  the  im|)ortant  factor,  not  sustained  high  or  sustained  low  temperatures. 
In  Fig.  4,  the  totaled  plus  or  minus  degrees  of  departure  of  the  daily  mean 
temperatures  from  the  daily  norma!  temperatures  have  been  graphed.  The 
incomplete  anesthetics  show  a  very  clear  and  definite  picture.  The  toxic  reac¬ 
tions  are  less  clear,  and  many  more  cases  would  be  necessarv'  to  determine  the 
exact  relationship. 

Graphing  of  the  i)lus  or  minus  departures  is  standard  weather  practice. 
The  normals  have  l)een  established  by  the  Weather  Bureau  through  observations 
over  a  period  of  seventy  years.  Such  a  grajih  for  an  individual  case  produces 
a  curve  somewhat  similar  to  that  produced  by  graphing  the  maximum  tem¬ 
peratures.  In  the  comi)osite  form  it  affords  a  very  satisfactory  means  for 
indicating  the  temjierature  relationshijis. 

The  temperature  range,  the  difference  between  the  minimum  temperature 
and  the  maximum  temperature,  is  shown  in  Fig.  5.*  It  will  be  noted  that  the 

•It  is,  necessary  to  understantl  the  gc^oRraphic  peculiarities  of  this  region  in  order  to 
evaluate  Mg-  5  accurately.  This  area  is  close  to  a  large  mass  of  water,  the  Pacific  Ocean.  It 
is  obvious,  tlierefore,  that  there  will  be  relatively  few  sharp  deviations  in  ndninium  tempera¬ 
ture.  Because  this  is  primarily  a  desert  area,  the  heat  from  the'  sun  is  accumulated  and 
intensified  during  the  day.  but  for  the  same  reason  is  dispelled  very  rapidly  at  night.  Conse¬ 
quently,  a  wide  deviation  between  the  minimum  of  early  morning  temperature  and  the  maximum 
of  early  afternoon  temperature  would  be  anticipated. 
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K'ljt.  4. — Summaries  of  average  corulitions  preceding  incomplete  anesthetics  and  toxic 
manifestations  for  a  period  of  thirteen  days  before  the  date  of  occurrence  and  for  the  succeeil- 
ing  seven  days  (1,31!)  consecutive  anesthetics:  .">«  incomplete  anesthetics.  4  per  cent:  ID  toxic 
reactions.  1.4  per  cent). 


TEMPERATURE 


AVERAGE 
DEGREES 
OF  DAILY 
TEMPERATURE 
RANGE 
(MIN.-  MAX.) 


RANGE  VARIATIONS 

DAY  OF  ANESTHETIC 


Fig.  5. — Summaries  of  average  conditions  preceding  incontplete  anesthetics  ami  toxic 
manife.stations  for  a  period  of  thirteen  days  Ix'fore  tlie  date  of  m-currence  and  for  the  succee*l- 
ing  seven  days  (1,319  conse<-utive  anesthetics;  56  incomplete  anesthetics,  4  i»er  cent;  19  toxic 
reactions,  1.4  per  cent). 
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curve  cxpres.sed  by  the  averafie  niiinber  of  dogirecs  of  the  daily  teinj)erature 
spread  for  thirteen  days  preceding  the  abnoimal  or  incomplete  anesthetics  and 
for  the  seven  days  following,  is  similar  to  that  curve  produced  hy  totaling  the 
dei>artures  of  the  daily  mean  from  the  daily  normal  temperatures.  Again,  the 
curve  shown  by  a  similar  charting  for  the  toxic  manifestations  is  less  clear,  hut 
the  alternating  large  and  small  ranges  in  the  days  preceding  the  anesthetic 
reaction  are  cause  for  speculation. 

As  one  looks  through  the  monthly  graphs,  a  general  drop  is  apparent  in 
the  4:30  A.M.  relative  humidity  on  the  days  incomplete  anesthetics  were  experi¬ 
enced.  The  humidity  at  this  hour  is  normally  relatively  high,  being  in  the  range 
of  70  per  cent  to  90  per  cent,  whereas  the  relative  humidity  at  12  noon  is  com¬ 
paratively  low,  except  on  days  of  rain.  There  appears  to  he  a  small  rise  in  the 
12  noon  humidity  on  these  days.  Because  of  the  previously  mentioned  desert 
characteristics  of  the  area,  increased  temperatures  are  usually  accom])anied  hy 
lowered  humidity,  and  in  the  event  of  desert  winds,  which  are  dry,  there  is  a 
sharp  drop  in  humidity. 


HUMIDITY  VARIATIONS 


DAY  OF  ANESTHETIC 


AVERAGE 
RELATIVE 
HUMIDITY 
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Fij?.  6. — Suniniarlfc.s  of  averaRo  conditlon.s  precedinR  incomplete  anesthetics  and  toxic 
manife.station.s  for  a  period  of  thirteen  days  before  tlie  dat<*  of  occurrence  and  for  the  succeed- 
inK  seven  days  (1..319  coii.secutive  anesthetics:  50  incomplete  anesthetics.  4  per  cent;  19  toxic 
reactions,  1.4  per  cent). 


A  graphing  (Fig.  6)  of  the  average  daily  noon  humidity*  rt^adings  for  the 
thirteen  days  iireccding  the  anesthetic  and  the  seven  days  following,  shows  a 
di.stinct  drop  preceding  the  day  of  the  incomplete  anesthetics,  and  a  slight  rise 
on  the  day  toxic  reactions  occurred.  On  the  monthly  graphs  the  drop  in  the 
4:30  A.M.  humidity  is  mo.st  apparent. 

The  barometric  variations  in  this  area,  as  stated  earlier,  are  ver\'  slight. 
A  graphing  of  the  average  variations  day  hy  day  for  the  thirteen  days  preeeiling 


•The  noon  bumidlty  reading  was  used  as  more  nearly  repite-sentinR  actual  conditions  at 
tbe  time  of  anesthetic  adndnistratlon,  and  as  previously  stated  the  difference  between  noon  and 
4  :30  P.M.  reading  is  so  slight  that  a  better  picture  is  obtained  through  the  use  of  the  meridian 
reading  alone.  The  curve  for  incomplete  anesthetics  in  Fig.  <1,  therefore.  Is  in  harmony  with 
that  of  Fig.  4.  Again  the  toxic  manifestations  show  an  inconclusive  curve. 
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an  incomplete  anesthetic  or  toxic  manifestation,  and  the  seven  days  followinor, 
shows  an  average  deviation  of  considerably  less  than  one-tenth  of  one  inch. 
The  curve  so  produced  is  shown  in  Fig.  7. 

DISCUSSION 

In  a  review  of  this  two-year  survey  it  has  become  my  firm  belief  that  the 
unusual  exiieriences  with  local  anesthetics  are  directly  related  to  temperature 
change.  While  a  i)ossible  relationship  or  correlation  may  exist  with  the  other 
weather  factors,  they  are  of  secondary  importance.  I  recognize  the  fact  that 
these  observations  might  be  considered  true  for  this  particular  geographic  area 
alone.  In  other  parts  of  the  country,  other  factors,  such  as  barometric  pressure, 
might  well  be  more  important  than  they  are  in  Southern  California. 

It  has  been  shown  that  under  environmental  temperature  changes  the  dis¬ 
tribution  of  the  blood  deviates  from  the  normal,  becoming  predominantly  periph¬ 
eral  in  distribution  with  a  sudden  rise  in  temperature,  or  predominantly  in  the 
splanchnic  beds  with  a  sudden  drop  in  temperature,  and  that  there  is  a  relative 
anoxia  in  the  tissues  affected  by  reduced  blood  supply.* 


BAROMETRIC  VARIATIONS 

DAY  OF  ANESTHETIC 


Fig.  7. — Summaries  of  average  conditions  preceding  incomplete  anesthetics  and  toxic 
manifestations  for  a  period  of  thirteen  days  before  the  date  of  occurrence  anil  for  the  succeed¬ 
ing  seven  days  (1,319  consecutive  anesthetics:  .Vi  incomplete  anesthetics,  4  pt“r  cent;  19  toxic 
reactions.  1.4  per  cent). 

Theories  of  the  action  of  local  anesthetics  upon  the  nerve  tissue,  whether 
the  lipoid  theorj  *®’  **  or  the  enzymatic  theory  of  Kapp,*®  are  predicatetl  upon 
the  neutralization  of  the  acid  linkage  of  the  procaine  molecule  by  the  buffei-s 
of  the  tissue. 

Some  years  preceding  this  investigation  it  had  been  suggested  that  alkalin- 
ized  solutions  might  overcome  the  incomplete  anesthetics  occasionally  experi¬ 
enced.  To  that  end  freshly  alkalinized  solutions  were  used  for  second  injections 
when  an  incomplete  result  was  obtained.  No  improvement  in  result  was  noted 
at  this  time,  and  in  several  instances  other  anesthetics,  such  as  Monocaine,*  and 

*Monocaine  hydruchluride  unc  and  unc-half  per  cent,  epinephrine  1  ;1UU,0U0. 
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in  other  eases  procaine  liydrochloride  with  epineplirine,  1  loOjOOO,  were  used. 
It  was  estahlislied  clearly  in  my  opinion  that  the  solution  used  was  not  the 
cause  of  the  incomplete  anesthetic.  For  ]»urposes  of  record,  numerous  samples 
fi’om  various  batches  of  the  .solution  used  in  this  investigation  have  been  tested 
and  found  to  averafre  pH  4.35  ^ colorimetric)  with  a  ran«;e  of  4.1  to  4.6. 

From  the  cviderrce  pr-esented,  it  seems  very  apjrarent  that  the  anesthetic 
reactions  noted  are  due  to  chancres  in  the  initient  s  orfranic  state,  caused  hy 
temperature  ehaufre  in  the  weather.  The  preironderance  of  incomplete  anes¬ 
thetics  amorifr  the  mandibular  injections  may  be  exjrlained  by  the  fact  that  the 
injection  is  made  into  a  relatively  less  va.scular  area.  With  the  increased  dis¬ 
tribution  of  the  blood  sujrply  to  the  peripheral  tissues,  there  would  be  a  lessened 
buffer-in^r  action  available  in  the  nerve  tis.sue  itself.  The  tuberosity  and  the 
subperiosteal  injections  are  made  in  more  vascular  areas,  and  there  would  be  a 
y:r-eater  ]K)ssible  r.  odification  of  the  solutions  by  the  blood  supjdy  in  the  area. 

The  fact  that  the  minor  toxic  reactions  occur  approximately  e(pially  among 
all  three  tyjK's  of  injections  makes  it  appear  that  the  patient's  organic  state, 
very  ])ossibly  the  oxidative  balance,  is  the  factor  which  brings  the  unusual 
reaction. 

SUMMARY 

1.  Of  1,319  consecutive  local  anesthetics  administered  for  cavity  preparation 
upon  vital  teeth,  fifty-six  (4  per  cent)  gave  incomplete  pulp  anesthesia  or  anes¬ 
thesia  of  very  short  duration  and  occurred  in  as.sociation  with  temperature  peaks. 

2.  In  this  series  of  anesthetics,  nineteen  (1.4  per  cent)  gave  minor  toxic 
manifestations  and  occurre<l  in  as.sociation  with  temperature  dips. 

3.  The  change  in  tem|)erature  a])i)ears  to  be  the  causative  factor  for  these 
abnormal  anesthetic  reactions. 

4.  Toxic  manifestations  did  not  (K-cur  in  cases  of  incomplete  anesthesia, 
and  vice  versa.  This  may  be  exj)lained  by  the  fact  that  it  is  the  temperature 
drop  i)roducing  the  toxic  reactions  and  the  temperature  rise  producing  the 
incom]>lete  anesthet  ic. 
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(}.  A.  MOXTKLirs,  M.A..  D.D.S. 

School  of  Pcntistry,  V nicerHity  of  Minnesota,  Minnc(tpoli.s,  Minn. 

ARIKARA  and  llopi  skulls  were  studied  to  ascertain  the  correlations  l)etween 
the  conijMments  of  structure  and  function  in  the  masticatory  apparatus. 
Tliis  skeletal  material  was  l(K*ated,  respectively,  in  the  Museum  of  the  Uni¬ 
versity  of  South  Dakota,  in  Vermillion,  South  Dakota,  and  in  the  Field  Museum 
of  Natural  History  (now  the  Uhicafio  Mus(*um).  The  Aiikara  material  came 
from  old  village  sites  in  the  Mis.souri  River  Valley  in  South  Dakota.  Most  of 
the  material  is  well  i)rt*served. 

The  Ankara  skulls  vary  iu  leiiffth  from  164  mm.  to  194  mm.,  a  ranjre  of  30 
mm.,  and  in  width  from  130  mm.  to  loS  millimetei's.  The  mandibles  raiifre  in 
lenfith  from  8S  mm.  to  118  mm.,  a  ran»re  of  30  millimetei-s.  The  bi-condylar 
diameter  varies  fi*om  96  mm.  to  139  mm.,  a  ranjre  t>f  43  millimeters. 

The  Ilopi  skulls  ami  mandibles  which  were  studied  wen*  collected  by  the 
McUormack  Expedition  in  Arizona  in  1901.  They  came  from  Old  Walpi.  Old 
Mishonovi,  and  Chukubi.  The  shortest  skull  is  143  mm.,  the  loufiest  180  mm., 
a  ranjie  of  37  millimetem.  The  transveme  diameter  of  the  narrowest  skull  is 
125  mm.,  of  the  widest  151  mm.,  a  raiifre  of  26  millimeteiN.  Many  of  the  teeth 
had  been  lost  post  moHem,  and  it  was  not  jmssible  to  »ret  as  extensive  data  on 
them  as  was  desired.  The  lonfrest  Ilopi  mandible  was  112  mm.,  the  shortest, 
91  mm.,  a  raiifre  of  21  millimeters.  The  jrreatest  bi-<'ondylar  diameter  was  128 
mm.,  the  least,  102  mm.,  a  raufje  of  26  millimeters. 

Arikara  and  Ilopi  .skulls  present  strikinjf  difTerences  in  sreneral  appear¬ 
ance.  The  former  are  more  variable  in  size,  and  jrive  cephalic  indices  of  dolico-. 
meso-,  and  brachycephalic  types;  the  Ilopi  ‘jrou))  contains  no  dolico-,  and  only  a 
few  mesocephalic  skulls.  Oidy  six  Ilopi  skulls  have  a  cephalic  index  as  low  as 
76  to  80,  the  majority  of  the  skulls  beiu;r  extremely  brachycephalic,  with  the 
index  runniiifr  uj)  to  102.  Pronounced  dev»‘lopment  »)f  the  musch's  of  mastica¬ 
tion  is  indicated  by  the  powerful  mandibles,  wide  rami  with  mandibular  an^le 
approachin^r  that  of  a  rifrht  anjile,  and  roufjhened  surfaces  for  attachment  of  the 
masseter  and  pteryfioid  muscles.  The  zygomatic  arches  are  lar»re.  The  heijilit 
of  the  temi)oral  ridfres  indicates  that  the  temporal  muscles  w»'re  ])articularly 
well  developed.  In  most  of  the  skulls  the  bite  was  end  to  end.  In  each  series 
many  of  the  skulls  have  wormian  bones.  Tin*  incidence  of  sueh  skulls  is  hisfher 
amou};  Ilopi  than  amon^;  Arikara. 

The  mean  values  of  the  dimensions  which  wen*  eorrelated  with  leni^th  i>f 
mandible  are  shown  in  Table  I.  The  numbei-s  in  |>arentheses  indicate  number  of 
observations.  All  measurements  are  reconled  in  millimeters  (Fijjs.  1-5). 

fur  (jubliration  July  19,  1947.  K**vis**(l  by  authur  IH'O.  3tt,  1947. 
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Fig.  1.  Fig.  2. 


Fig.  1. — Skull  seen  from  above  (norma  verticalis)  showing  area  between  zygomatic 
arch  and  side  of  the  skull. 

Fig.  2. — Aperture  at  zygomatic  arch,  basal  aspect  of  skuil. 


Fig.  3. — Method  of  taking  length  of  mandible.  The  length  is  the  distance  between 
parallel  planes  passing  through  (1)  mentor  and  (2)  posterior  bordtr  of  condyles,  when  lower 
margins  of  mandible  are  in  a  horizontal  plane  (at  right  angles  to  the  other  two  planes). 


Fig.  4.  Fig.  5.’ 


Fig.  4. — Side  view  of  the  skull  showing  temporal  ridge,  enclosed  temporal  area,  height 
of  temporal  ridge,  and  length  of  temporal  ridge. 

Fig.  6. — Length  of  molars  and  premolar.s. 


Table  II 

VARiABt-ES  Without  Reference  to  Hex;  Correlations  With  Mandible  Length 
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When  the  presumed  sex  of  the  skulls  is  not  taken  into  aeeount  and  each 
ethnie  frroup  is  treated  as  a  unit  the  values  listed  in  Table  II  are  found. 

For  the  Arikara,  without  n'sai'd  to  sex,  the  eorrelation  of  the  circum¬ 
ference  of  the  temporal  area  with  the  circumference  of  zygomatic  arch  is  .73, 
and  for  the  Hopi  it  is  .46,  without  ref?ard  to  sex. 

When  the  skulls  are  sexed  the  correlations  jiiven  in  Table  III  are  found. 

Table  III 

rouKEi.ATio.\  Between  Length  of  Ma.noible  and  Variocs  Skcll  and  Mandible 

Dimensions 


COEFFICIENT  OF  CORREIJVTION 


rORREIJVTION  BETWEEN 

ARIKARA 

HOPI 

LENGTH  OF  MANDIBLE 

AND  OTHER  VARIABLES 

NO. 

MALE 

NO. 

FEMALE 

NO. 

MALE 

NO. 

FEMALE 

lA'njjtli  of  skull 

37 

.38  ±  .09 

29 

.54  ±  .09 

21 

-.18  ±.14 

17 

.00  ±  .16 

Circumference  of  temporal 

34 

.60  +  .07 

30 

.19  ±.12 

21 

.16  ±.14 

17 

-.11  ±.16 

muscle 

Height  of  temporal  ridge 

35 

.58  ±  .08 

30 

.33  ±.11 

21 

.12  ±.14 

17 

.19  ±.16 

Length  of  temporal  ridge 

35 

.57  ±  .08 

30 

.24  ±.12 

21 

-.22  ±  .14 

17 

-.15  ±  .16 

Condylar  coronoid  diameter 

36 

.49  ±  .08 

31 

.38±  .10 

20 

-.08  ±  .15 

17 

.42  ±  .14 

Width  of  zygomatic  arch 

38 

.43  ±  .09 

29 

.54  ±  .09 

21 

-.03  ±.15 

17 

-.11  ±.16 

Length  of  molars  and  pre¬ 

24 

.55  ±  .10 

27 

.03  ±.13 

16 

-.07  ±.17 

10 

.24  ±  .20 

molars 

I.ength  of  dental  arch 

23 

.37  ±  .12 

20 

.46  ±.12 

11 

-.32  ±.18 

8 

.59  ±  .16 

l>ength  of  zygomatic  arch 

37 

.27  ±.10 

31 

.37  ±.10 

21 

-.12  ±.14 

17 

.24  ±  .15 

Sagittal  diameter  of  condyle 

36 

.18±.ll 

31 

.35  ±.11 

21 

.16  ±.14 

17 

-.15  ±  .16 

Zygomatic  arch  circumfer¬ 

32 

.17  ±.12 

31 

.45  ±  .10 

21 

.04  ±  .15 

17 

.03  ±  .16 

ence 

Transverse  diameter  of  con- 

36 

.16  ±.11 

31 

.,32  ±  .1 1 

20 

.29  ±  .14 

17 

.29  ±.15 

tlyle 

All  male  and  female  Arikara  correlation  coefficients  are  jiositive.  Hopi 
male  and  female  skulls  yield  some  positive  and  some  nefrative  correlations,  but 
the  coefficients  are  almost  uniformly  low'  in  this  ^rroup.  In  only  two  instances 
is  the  correlation  three  times  the  probable  error,  and  in  no  instance  is  it  four 
times  the  jirobable  error.  The  highest  positive  correlations  in  the  Hopi  group 
are  in  the  female  skulls.  The  highest  negative  correlation  is  in  the  male  Hopi, 
namely,  the  correlation  between  length  of  mandible  and  condylar-coronoid  di¬ 
ameter. 

The  correlations  in  the  Arikara  and  the  Hopi  groups,  respectively,  are 
very  different.  In  the  male  Hopi  there  is  a  correlation  of  -.18  ±  .14  between 
length  of  mandible  and  length  of  skull.  For  the  female  Hopi  the  coefficient  is 
-.00  +  .16.  In  these  groups,  therefore,  the  correlation  has  no  statistical  sig¬ 
nificance.  In  each  group  the  number  of  individuals  is  small,  and  the  prob¬ 
able  error  correspondingly  large.  In  the  Hopi  group  the  data  indicate  an 
ajiproximation  toward  zero  correlation  lietween  length  of  mandible  and  length 
of  skull.  That  the  correlation  approximates  zero  is  shown  also  by  the  fact 
that  when  .skulls  and  mandibles  are  grouped  without  reference  to  sex,  the  cor¬ 
relation  is  .07  ±  .11,  the  probable  error  being  greater  than  the  coefficient  of 
correlation.  Thus  the  data  indicate  no  correlation  between  these  dimensions  in 
the  Hopi  group. 
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The  number  of  cases  is  smaller  in  the  Hopi  group  than  in  the  Arikara.  (The 
probable  error  increases  with  the  decrease  in  the  number  of  cases,  and  the  re¬ 
liability  of  the  coeflficient  of  correlation  increases  as  the  square  of  the  number 
of  cases.) 

In  the  male  Hopi  the  variables  which  show  positive  correlation  with 
mandible  length  for  both  male  and  female  skulls  are :  height  of  temporal  ridge, 
zygomatic  arch  circumference,  and  transverse  diameter  of  condyle. 

The  variables  showing  negative  correlation  with  mandibular  length  for  both 
sexes  in  the  Hopi  group  are:  length  of  skull,  length  of  temporal  ridge,  width 
of  zygomatic  arch. 

Correlations  are  positive  for  one  sex  and  negative  for  the  other  in  the 
following:  circumference  of  temporal  area:  positive  for  male,  negative  for 
female;  condylar-coronoid  diameter;  negative  for  male,  positive  for  female; 
length  of  molars  and  premolars:  negative  for  male,  positive  for  female;  length 
of  dental  arch:  negative  for  male,  positive  for  female;  length  of  zygomatic 
arch :  negative  for  male,  positive  for  female ;  sagittal  diameter  of  condyle :  posi¬ 
tive  for  male,  negative  for  female. 

Of  the  twelve  variables  in  the  Hopi  group  showing  correlation  with  man¬ 
dible  length,  five  are  positive  for  the  male  and  seven  are  negative.  For  the 
female,  seven  variables  are  positive  and  five  are  negative. 

In  correlations  of  the  same  dimensions  without  reference  to  sex,  all  the 
variables  in  the  Arikara  group  show  positive  correlations  between  mandible 
length  and  the  other  dimensions.  In  the  unsexed  series,  the  positive  values  are 
retained  but  the  size  of  the  correlation  is  somewhat  altered.  The  Hopi  group 
shows  some  negative  and  some  positive  correlation  in  the  sexed  series.  In  the 
unsexed  series,  however,  all  the  variables  except  one  have  positive  correlations, 
namely,  length  of  temporal  ridge. 

Table  IV  gives  the  mean  sagittal  and  tran.sverse  diameters  of  the  lower 
molars. 


Table  IV 

Mean  Sagittal  and  Transverse  Diameters  of  the  Respective  Lower  Molars 


MOLAR 

ARIKARA  1 

HOPI 

1  MALE 

1  FEMALE 

1  MALE 

1  FEMALE 

M,  sagittal 

10.90 

10.80 

10.90 

10.59 

Ml  transverse 

11.10 

10.98 

10.70 

10.60 

M,  sagittal 

10.58 

10.10 

10.50 

10.27 

M,  transverse 

10.90 

10.60 

10.50 

9.80 

M,  sagittal 

10.65 

10.10 

10.10 

10.10 

Mj  transverse 

10.57 

10.20 

10.10 

9.70 

The  molars  of  males  are  slightly  larger  than  those  of  females.  The  male 
Arikara  has  molars  slightly  larger  than  the  male  Hopi.  In  the  two  groups  there 
is  about  the  same  sagittal  and  transverse  diameter  in  each  molar.  Black’s 
measurements  indicate  that  in  modern  man  the  mesiodistal  diameter  exceeds  the 
buccolingual  diameters  of  the  lower  molars.  An  imspection  of  the  measurements 
of  fossil  man’s  molars  shows  that  the  sagittal  or  mesiodistal  diameter  exceeds 
the  transverse  or  the  buccolingual  diameter. 
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The  characteristics  of  the  denture  of  the  Ankara  and  Hopi  are :  the  preva¬ 
lence  of  shovel-shaped  incisors;  the  presence  of  a  fifth  cusp  on  the  second 
lower  molar;  the  end-to-end  bite  of  the  anterior  teeth.  Table  V  shows  per¬ 
centages  of  shovel-shaped  incisors,  character  of  bite,  and  frequency  of  occur¬ 
rence  of  fifth  cusp  on  lower  second  molar.  In  the  Hopi  group  many  of  the  up¬ 
per  anterior  teeth  either  were  missing,  or  were  so  much  abraded  from  wear  that 
it  was  impossible  to  ascertain  whether  any  of  the  six  anterior  teeth  were  shovel 
shaped.  When  the  finding  was  not  clear  it  was  ruled  out.  Many  of  the  second 
molars  had  been  lost  post  mortem,  or  had  so  much  attrition  that  it  was  difficult 
to  say  definitely  whether  or  not  a  fifth  cusp  was  present.  The  condition  of  the 
material  accounts  for  the  small  number  of  ca.ses  given  in  the  table. 


Table  V 

Frequencies  of  Shovel-Shaped  Incisors  and  of  End-to-End  Bite 


HOPI  1 

ARIKARA 

MALES 

FEMALES  1 

MALES 

FEMALES 

N*  1  Ft  1  %t 

N  1  F  1  % 

N  1  F  1  % 

N  1  F  i  % 

Shovel-shaped  incisors  22  11  50.0  17  4  23.5  41  22  53.6  31  21  67.7 

End-to-end  bite  22  17  77.2  17  16  94.1  41  33  90.4  31  23  74.1 


•Number  of  observations. 
tFrequency  of  trait. 
tPercentage  frequency. 


SUMMARY  AND  CONCLUSION 

The  similarity  betw’een  Ankara  and  Hopi  dentures  is  striking.  Both  groups 
have  a  high  frequency  of  end-to-end  bite,  shovel-shaped  incisors,  and  five  cusps 
on  the  lower  second  molars.  The  diameters  of  the  molai's  and  premolars,  re¬ 
spectively,  of  the  two  groups  are  practically  the  same.  The  length  of  the  dental 
arch  is  likewise  almost  the  same,  differing  less  than  one  mm.,  although  the  mean 
length  of  the  Arikara  mandible  is  somewhat  greater  than  the  mean  length  of 
the  Hopi  mandible.  These  facts  suggest  that,  so  far  as  these  two  groups  are 
concerned,  absolute  size  of  teeth,  functional  adaptation  of  lower  to  upper  teeth, 
and  dental  pattern  are  conservative  traits  among  American  Indians,  and  may 
be  used  as  a  criterion  for  the  determination  of  race  characters.  The  circum¬ 
ference  of  the  temporal  area  is  almost  as  great  in  the  Hopi  group  as  in  the 
Arikara  group,  although  the  Arikara  skull  is  much  larger  and  longer  than 
the  Hopi  skull.  The  mean  height  of  the  temporal  ridge  in  the  Hopi  is  a  little 
greater  than  in  the  Arikara.  The  width  of  zygomatic  arch  is  greater  in  the 
Hopi  than  in  the  Arikara.  There  is  a  higher  correlation  between  circum¬ 
ference  of  temporal  muscle  attachment  and  zygomatic  arch  circumference  in  the 
Arikara  skull  than  in  the  Hopi.  The  mean  condylocoronoid  diameter  in  the 
Hopi  mandible  is  shorter  than  in  the  Arikara  mandible  by  less  than  1  mm., 
although  the  Hopi  mean  mandible  length  is  4.12  mm.  less  than  the  mean 
mandible  length  of  the  Arikara.  The  fulcrum  is  at  the  temporomaxillary 
articulation,  the  glenoid  fos.sa  into  which  the  condyle  fits  in  articulation.  The 
force  is  applied  at  the  coronoid  process  through  the  attachment  of  the  masseter 
and  temiioral  muscles.  Thus  the  force  would  be  applied  closer  to  the  point  of 
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resistance  in  the  Hopi  mandible.  The  force  is  applied  farther  from  the  point  of 
resistance  in  the  Arikara  mandible.  In  the  Hopi  the  mean  sajrittal  diameter  of 
the  condyle  is  fjreater  than  in  the  Arikara.  The  afore-mentioned  differences 
probably  bear  on  the  difference  in  the  correlation  coefficients  in  the  two  }?roui>s. 

Both  the  Arikara  and  Ho]>i  {jroups  show  much  attrition  on  the  occlusal  sur¬ 
faces  of  the  teeth,  indicatiiif;  a  hard  and  rou"h  diet.  Evidently  the  biting;  and 
"rinding  mechanisms  were  well  develo])ed.  That  this  is  so  can  be  concluded 
from  the  end-to-end  bite  of  the  anterior  teeth,  which  Avould  also  point  to  a  par¬ 
ticularly  well -developed  biting  mechanism  in  which  the  masseter  and  internal 
pterygoid  muscles  function.  The  reason  that  the  American  Indian  has  such 
prominent  cheek  bones  must  be  attributed  to  the  fact  that  he  used  the  anterior 
teeth  to  a  great  extent,  thereby  highly  developing  the  masseter  and  internal 
pterygoid  muscles,  which  in  turn  develoi)ed  the  zygoma  and  produced  the  for¬ 
ward  and  lateral  projection  of  the  zygomatic  arches. 

In  conclusion,  I  wish  to  stress  not  so  much  the  si)ecific  findings  of  this  in¬ 
vestigation,  as  the  method  employed  in  attacking  the  problem.  I  realize  that  in 
any  investigation  in  which  a  statistical  treatment  is  used  the  findings  have 
greater  importance  if  they  are  ba.sed  on  a  larger  number  of  ca.ses,  which  in¬ 
creases  the  reliability  of  the  coefficients  of  correlation.  When  correlation  co¬ 
efficients  are  low  they  are  reliable  only  when  based  on  a  large  number  of  cases. 
In  the  two  groups  con.sidered  in  this  study,  the  Arikara  have  the  larger  correla¬ 
tion  coefficients;  moreover,  the  correlations  are  all  imsitive,  in  Ijoth  the  sexed 
and  unsexed  series.  In  the  Hopi  group  the  sexed  series  give  both  positive  and 
negative  correlations;  in  the  unsexed  series,  however,  all  of  the  Hopi  correla¬ 
tions  are  positive,  though  low,  except  in  one  instance,  in  which  the  correlation 
remains  negative. 
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The  (lamafje  that  can  1)0  done  to  dental  tissues  by  dentrifice  abrasion  was 
demonstrated  by  Miller'  in  1907.  The  pastes  and  powders  which  he  em¬ 
ployed,  and  which  were  presumably  in  common  use  at  that  time,  were  capable 
of  cuttiu}?  tooth  enamel  and  their  effect  on  the  dentin  was  even  more  severe. 
Following  Miller,  a  number  of  investigators  including  Bunting  and  Rickert,* 
Head,®  ('arney,^  Wright  and  Fenske,*'  and  ^lanly,*’ '  showed  a  definite  wearing 
away  of  dentine  by  abrasive  dentifrices.  Epstein  and  Tainter*  tested  the 
abrasiveness  of  a  number  of  modern  commercial  tooth  powders,  pastes,  and 
lupud  dentifrices,  using  the  enamel  of  the  cusps  of  mandibular  molars  to  meas¬ 
ure  abrasive  effect.  They  did  not  use  dentin.  Although  their  results  may  be 
(jiiestioned  on  the  basis  of  the  capacity  of  their  instruments  to  mea.sure  some 
of  the  small  differentials  given,  their  conclusion  that  “There  are  no  compounds 
so  unduly  abrasive  as  to  l)e  clearly  objectionable”  is  probably  true  if  it  is  real¬ 
ized  that  they  were  considering  only  results  on  enamel.  From  our  own  observa¬ 
tions  of  the  teeth  used  in  the  i)resent  project  we  are  quite  confident  that  none 
of  the  dentifrices,  including  the  most  abrasive  ones  tested,  had  any  observable 
effect  on  the  enamel.  That  they  did  cut  into  the  dentin,  and  very  deeply  in 
some  cases,  is  proved  by  our  results. 

It  is  this  effect  on  the  cervical  cementum  and  underlying  dentin  in  patients 
who  have  exposure  of  these  tissues  with  which  dentists  should  be  concerned. 
It  has  been  shown  that  as  little  as  1  mm.  of  such  exposure  will  in  time  allow 
dentifrice  abrasion  to  develop.  It  has  been  demonstrated  that  cervical  exposure 
increases  with  age  and  that  the  severity  of  cervical  abrasions  is  directly  pro¬ 
portional  to  exposure  width  in  individuals  with  evidence  of  good  oral  hygiene." 

Rather  than  being  lulled  into  a  .sense  of  .security  by  results  obtained  by 
measuring  dentifrice  abrasion  on  enamel  cusps,  it  seemed  to  us  that  we  might 
well  attempt  to  determine  what  some  of  the  available  dentifrices  could  do  to  the 
often  exposed  softer  tooth  tissue. 

EXPERIMEXTAI.  UROCEDl’RE 

The  abrasion  experiments  were  performed  on  extracted  teeth.  The  appara¬ 
tus  available  was  similar  to  that  used  by  Manly'  and  was  illustrated  by  him. 
(A  motor  and  eounter,  neither  of  which  are  shown  in  ^Manly’s  illustration,  were 
connected  to  this  brushing  machine.)  With  such  a  mechanism  it  is  i)o.ssible  to 
work  simultaneously  on  a  series  of  eight  teeth,  four  on  each  side. 

Presented  at  the  Twenty-Fifth  General  Meeting  of  ♦he  International  A.<«sooiation  for 
Dental  Re.search,  Chicago,  June  11,  12,  1947.  (J.  D.  Ren.  26:  460,  1947.) 

A  part  of  project  208  of  the  Ohio  State  ITniversity  Research  Foundation. 
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Each  of  the  several  series  of  teeth  used  were  as  uniform  in  size  as  careful 
selection  made  possible.  In  each  series,  the  teeth,  numbered  one  through  eight, 
were  respectively  an  incisor,  a  premolar,  a  canine,  a  premolar,  a  premolar,  a 
canine,  a  premolar,  and  a  premolar.  Each  tooth  was  mounted  in  a  base  of  low 
fusing  metal  with  approximately  2  mm.  of  labial  root  area  exposed  between  a 
metal  guard  plate  and  the  cervical  enamel.  All  were  free  from  abnormality  in 
the  exposed  area.  Two  adjacent  sides  of  the  metal  base  were  flattened.  This 
served  tw’o  purposes:  1.  They  could  be  clamped  in  the  brushing  machine  and 
after  removal  and  replacement  they  always  were  in  the  same  relation  to  the 
brush.  2.  They  could  be  placed  in  a  holder  in  a  photographic  enlarging  appara¬ 
tus.  each  time  in  the  .same  position.  The  teeth  were  kept  w'et  at  all  times,  except¬ 
ing  for  the  brief  periods  in  the  enlarging  apparatus  used  to  secure  a  profile  of 
the  area  being  brushed. 

The  brushes  were  hard  bristle  nylon  of  the  convex  type  (West’s  Miracle 
Tuft).  They  were  held  at  a  uniform  pressure  of  75  Gm.  on  the  tooth.  The 
brushing  was  acrass  the  exposed  tooth  area  and  each  brush  had  a  thin,  stainless 
steel  vane  set  into  its  end  to  act  as  a  stirrer  for  the  dentifrice  held  in  the  glass 
container.  Brushes  were  renewed  at  the  end  of  each  two  runs.  Runs  w'ere 
stopped  whenever  they  had  produced  a  depth  of  cut  approximating  0.3  mm.  in 
the  teeth.  One  back  and  forth  motion  was  considered  as  a  single  stroke.  The 
amount  of  cut  per  100,000  strokes  (X)  w^as  calculated  as  follows: 

Cut  in  mm.:X  =  actual  strokes  used:100,000 
With  the  lesser  abrasive  dentifrices  the  runs  w’ere  carried  out  to  100,000  strokes 
and,  in  a  few  cases,  over  that  number.  In  every  case,  however,  the  cut  was 
calculated  on  the  basis  of  100,000  strokes.  A  mechanical  counter  gave  a  record 
of  the  strokes  for  each  run. 

All  the  dentifrices  tested  were  made  into  a  slurry  consisting  of  200  Gm. 
of  dentifrice  and  400  c.c.  of  water.  This  was  thoroughly  mixed  by  being 
shaken  in  a  jar  and  enough  .slurrj'  placed  in  the  glass  container  surrounding 
each  brush  and  its  tcxflh  to  cover  the  tooth.  The  stainless  steel  vane  in  the  end 
of  each  brush  kept  the  material  thoroughly  .stirred  throughout  the  run. 

In  testing  salt  and  soda,  (equal  parts,)  and  in  using  Pycopay  Powder,  both 
of  which  contain  considerable  soluble  matter,  the  question  arose  as  to  whether 
or  not  the  amount  of  dentifrice  going  into  solution  in  the  slurry  would  have  an 
appreciable  effect  on  its  abrasive  action.  To  determine  this,  tests  w'ere  made 
(1)  with  a  slurry  made  with  water  and  (2)  with  a  slurry  in  which  the  liquid 
was  a  saturated  solution  of  the  dentifrice.  The  results  with  a  saturated  solu¬ 
tion  did  not  show  any  incrcaserl  abrasiveness  over  that  wdth  the'slurrj'  made 
with  the  usual  mixture  of  200  Gm.  of  dentifrice  to  400  c.c.  of  water.  In  fact, 
the  abrasive  figures  obtained  with  slurries  of  dentifrice-saturated  solutions  were 
slightly  but  consistently  less  than  with  .slurries  made  with  water. 

Before  a  t(?st  was  starte<l  on  any  t(K)th,  and  subsequent  to  each  run,  the 
area  to  be  subjected,  or  which  had  been  subjected  to  abrasion,  ])lus  a  large  area 
of  adjacent  enamel,  was  shadowgraphed  on  5x7  bromide  paper.  This  was 
done  by  means  of  an  enlarging  camera  equipped  with  a  lens  having  a  fixed 
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holder  for  the  squared  sides  of  the  metal  base  into  which  the  tooth  was  fastened. 
The  apparatus  was  set  for  an  enlargement  of  twenty.  Shadowgraphs  following 
each  abrasion  test  w’ere  superimposed  on  that  of  the  original  tooth  contour, 
and  by  means  of  transmitted  light  from  a  print  box  the  depth  of  the  cut  was 
traced  on  the  graph  of  the  original  contour.  The  contour  of  the  enamel  served 
as  a  landmark  for  superimposition.  ^lea.surements  w'ere  made  at  right  angles  to 
the  original  contour  to  the  deepest  point  of  the  cut.  In  cuts  subsequent  to  tbe 
first  one,  the  measurement  was  from  the  deepest  i)oint  of  the  previous  cut  to  the 
deepest  point  of  the  current  cut.  This  represented  the  greatest  penetration 
toward  the  pulp.  This  method  of  mea.surement  differs  from  that  used  by  Manly* 
in  that  he  measured  the  width  of  the  greatest  change  in  the  profile  of  the  cut 
area.  We  tried  this  method,  as  well  as  a  determination  of  the  profile  area 
by  means  of  a  planimeter.  A  statistical  analysis*  of  the  results  obtained  by 
each  of  the  three  methods  on  the  same  series  of  abrasion  cuts  indicated  that, 
other  things  being  equal,  the  methods  used  seemed  to  be  tbe  one  of  choice. 

Before  starting  our  abrasion  tests  with  the  various  dentifrices,  it  was 
necessarj^  to  determine  1,  the  validity  of  results  obtained  by  making  successive 
tests  on  the  same  series  of  teeth,  and  2,  to  check  Manly’s^  finding,  that  the  use 
of  eight  teeth  was  enough  to  yield  an  average  which  would  sufficiently  com¬ 
pensate  for  differences  in  the  results  from  the  individual  teeth. 

For  this  purpose  we  used  one  series  of  eight  teeth  for  six  successive  runs 
of  25,000  strokes  each.  The  same  dentifrice  (Colgate’s  Tooth  Powder)  was 
used  in  all  six  runs.  The  numerical  results  are  given  in  Table  I  and  tbe 
successive  cuts  in  each  tooth  are  shown  in  Fig.  1. 

Table  I 

Successive  Abrasions  of  Individual  Teeth  by  25,000  Strokes  With  Same  Dentifrice.* 
Results  Obtained  by  Measuring  the  Linear  Distances  at  Right  Angles  to  Origi¬ 
nal  Tooth  Surface.  Each  Measurement  Represents  the  Greatest 
Advance  Tow'ard  the  Pulp  From  Previous  Deepest  Cut 


tooth  no. 

DEPTH  OF  DENTIN 

CUT  (mm.  X  20) 

TOTAL 

(mm.x20) 

MEAN  CUT 

FOR  EACH 
TOOTH 

RUN 

NO.  It 

RUN 

NO.  2 

RUN 

NO.  3 

RUN 

NO.  4 

RUN 

NO.  5 

RUN 

NO.  6 

1 

12.0 

7.6 

8.4 

9.3 

7.3 

6.2 

50.8 

8.5 

2 

14.2 

8.8 

9.8 

9.8 

8.2 

7.5 

58.3 

9.7 

3 

6.0 

6.0 

8.0 

7.0 

5.<3 

4.7 

37.0 

6.1 

4 

12.0 

10.8 

13.2 

13.0 

8.5 

(>.5 

64.0 

10.6 

5 

6.9 

5.1 

5.8 

4.7 

11.2 

10.3 

44.0 

7.3 

6 

8.0 

6.3 

7.7 

7.0 

10.0 

7.4 

46.4 

7.7 

7 

6.0 

5.4 

5.6 

8.0 

14.2 

11.6 

50.8 

8.5 

8 

8.0 

7.8 

9.7 

12.5 

10.8 

9.2 

58.0 

9.6 

Total 

73.1 

57.8 

68.2 

71.3 

75.5 

63.4 

409.3 

67.9 

.\verage 

9.1 

7.2 

8.5 

8.9 

9.4 

7.9 

8.5 

•Colgate  Powder. 

tRun  No.  1  had  25,542  strokes. 


From  a  statistical  analysis  of  the  variances  shown  in  Table  I,  it  was  found 
“that  the  variance  due  to  teeth  was  significantly  larger  tlian  the  erixir  variance. 
The  variance  due  to  runs  was  almOvSt  equal  to  the  error  variance  and  it  seemed 

•This  analysis  and  also  those  on  the  results  given  in  Tables  I  and  II  were  made  by 
Or.  Henry  B.  Mann  of  the  Department  of  Mathematics,  Ohio  State  liniversity. 
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fairly  safe  to  {’ssuine  that  the  run  effect  was  zero.’**  Hence,  it  ai)i)earecl  to  he 
a  valid  procedure  to  make  successive  runs,  at  least  up  to  six,  on  the  same  set 
of  teeth.  In  no  case  were  tests  carried  to  the  extent  of  exposinj;  the  root  canal. 


Iborn  t 


Bom 


—  ■  ~  ~  .  JOp. 
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Bom  3 


Bom  7 


Tooth  4 


TOh 


Fig.  1. — Showing  the  profile  of  each  of  six  successive  euts  in  eight  teeth  by  the  same 
dentifrice.  This  is  visual  aspect  of  data  in  Table  1  and  Illustrates  both  variance  in  individual 
teeth  and  in  successive  runs  on  same  tooth.  Scale  (in  cm.)  is  given  below  each  profile. 


Since  the  variance  due  to  teeth  was  greatest,  it  would  have  been  an  ad- 
vantafje  to  have  used  more  than  eijfht  teeth.  However,  we  felt  that  since  this 
number  would  be  uniform  throujihout  all  te.sts,  the  results  would  be  comparable 
and  probably  accurate  enou*;!!  when  considered  in  the  framework  of  all  possible 
errors. 


'Quot<‘d  from  the  report  of  Dr.  Henry  B.  Mann. 
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Our  first  tests  were  made  on  nine  eonnnereial  dentifrices  chosen  because 
of  their  popnlaritj’  as  indicated  by  sales  voliune.  They  were  purchased  on 
the  oj)en  market.  The  abrasive  results  from  these  were  (juite  different.  Be¬ 
cause  we  needed  for  another  j)roject  a  well-graded  abrasive  series,  the  Procter 
and  (Jamble  Co.  made  up  ten  experimental  paste  dentifrices  in  an  effort  to 
fill  in  the  series.  These  experimental  dentifrices,  in  some  cases,  varied  only 
in  the  percentage  of  the  same  abrasive  used.  Cnder  actual  te.st  they  did  not 
always  fall  into  place  on  the  percentajje  of  abrasive  relationshij). 

As  an  e.\am|)le  of  this,  dentifrice  4660  contained  only  10  per  cent  of  dicalcium 
phosphate,  A.D.B.,  while  dentifrice  4780  contained  52  per  cent  of  the  same 
abra.sive.  Yet  in  actual  test  on  teeth  the  latter  proved  less  abrasive.  Afjain  in 
the  case  of  4770  with  42  per  cent  of  tricalcium  phosphate  and  4680  with  52 
per  cent  of  the  same  material,  the  4770  was  more  abrasive.  Tliis  would  seem  to 
tlu-ow  some  doubt  on  the  feasibility  of  judsjinfr  the  abrasive  effect  of  a  denti¬ 
frice  ajjainst  cementum  and  dentin  on  any  basis  excepting  the  results  of  its 
use  on  cementum  and  dentin. 

In  addition  to  the  nine  commercial  and  ten  ex|)erimental  dentifrices,  we 
included  water  (as  the  probably  least  abrasive  substance)  and  also  e(iual  j^arls 
of  sodium  chloride  and  bakin*;  soda.  The  entire  series  of  twenty-one  tests 
covered  the  period  December,  1944,  to  November,  1945. 

The  results  of  the  abrasive  tests  are  sriven  in  Table  II. 


T-vbi.e  II 

Resui.ts  ok  Abrasion  Tests 


bentikkice 

DENTIN  ri!T  (MM.  PER 

100,000  .strokes) 

Water 

0.006  ±  .005(5 

R 

0.12  ±  .0200 

47S0 

0.24  ±  .0.180 

4781 

0.2(5  ±  .0405 

Colgate  Paste 

O..*!!  ±  .0.1.14 

Salt  and  soda 

0..11  ±  .0470 

4011  B 

0.41  ±  .0.116 

4(580  B 

0.42  ±  .05(52 

5070 

0.48  ±  .0767 

4(5(50  B 

0..5(5  ±  .0015 

Pepsislent  Paste 

0.5(5  ±  .0(500 

4774 

0.(51  ±  .0245 

Pveopav 

0.(57  ±  .Oil 8 

4770 

0  8(5  ±  .0415 

Listerine  Paste 

0.08  ±  .1727 

4700  B 

1.07  ±  .0800 

Ipana  Paste 

1.25  ±  .0808 

(’olgate  Powder 

2.02  ±  .1115 

Pepsodent  Powder 

2.26  ±  .188 

Calox  Powder 

1.21  ±  .868 

Dr.  Lyon’s  Powder 

4.48  ±  .551 

It  has  been  shown  by  Robinson'"  that  the  averafje  individual  uses  twenty- 
eifjfht  siiif^le  strokes  (equivalent  of  fourteen  back  and  forth  strokes  as  used  in  this 
study)  in  brushiiifr  the  maxillary  anterior  area.  If  we  assume  that  one  cleans 
his  teeth  twice  a  day,  365  days  per  year,  then  a  total  of  10,220  crixss  strokes 
probably  would  be  ajiplied  to  the  upper  rifjht  canine  tooth  in  one  year’s  time. 
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It  is  of  interest  to  determine  what  could  happen  to  such  a  tooth  with  the  com¬ 
mercial  dentifrices  tested  based  on  an  average  buccolingual  cervical  thickness 
of  7.0  mm.  for  a  right  maxillary  canine  tooth.  The  jieriod  of  time  necessary 
to  abrade  halfway  through  (3.5  mm.)  such  a  tooth  with  each  of  the  commercial 
dentifrices,  with  salt  and  baking  soda,  and  with  water  have  been  computed  on 
the  basis  of: 

Depth  of  dentin  cut  (mm.)  :  100,000  =  3.5  :  X 

Y 

— ^ -  =  number  of  years  neces.sarv  to  cut  halfway  through  a  7.0  mm.  canine. 

10,220  *  ‘  .  h 

The  results  of  calculations  made  on  this  basis  are  given  in  Table  III. 

Table  III 


DENTIFRICE 

PERIOD  OF  YEARS  NECESSARY  TO  CUT  HALFWAY 
THROUGH  CERVICAL  AREA  OF  A  7.0  MM. 
MAXILLARY  RIGHT  CANINE  TOOTH 

Dr.  Lyon’s  Tooth  Powder 

7.6 

Calox  Tooth  Powder 

10.6 

Pepsodent  Tooth  Powder 

15 

Colgate  Tooth  Powder 

17 

Ipana  Tooth  Paste 

27 

Listerine  Tooth  Paste 

35 

Pycopay  Tooth  Powder 

51 

Pepsodent  Tooth  Paste 

61 

Salt  and  soda* 

110 

Colgate  Tooth  Paste 

110 

Tap  water 

6,686  (infinity) 

•Equal  Parts  XaCl  (C.P.)  and  Arm  &  Hammer  Baking  Soda. 


SUMMARY  AND  CONCLUSIONS 

A  series  of  nine  widely  used  commercial  dentifrices,  pastes  and  powders, 
ten  experihiental  pasles,  salt  and  soda,  and  water  have  been  tested  for  abrasive 
action  on  the  cervical  area  of  extracted  teeth.  The  depth  of  the  abrasive  cut 
per  100,000  cross  strokes  ranged  from  almost  zero  (0.006  mm.)  for  water  through 
4.48  mm.  for  the  most  abrasive  dentifrice  tested. 

Equal  parts  of  salt  and  baking  soda  resulted  in  an  abrasive  effect  about 
equal  to  the  least  abrasive  commercial  dental  paste  tested. 

With  one  exception,  the  commercial  tooth  powders  tested  were  markedly 
more  abrasive  than  were  the  commercial  tooth  pastes. 

The  number  of  years  which  would  be  required  for  various  dentifrices  to 
cut  half  through  a  maxillary  canine  7  mm.  thick  has  been  computed.  The  values 
range  from  infinity  for  water  to  ajiproximately  7.6  years  for  the  most  abrasive 
dentifrice  tested. 
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ACUTE  VITAMIN  C  DEFICIENCY  AND  THE  PERIODONTAL  TISSUES 


II.  The  Effect  of  Acute  Vitamin  C  Deficiency  Upon  the  Response 
OF  THE  Periodontal  Tissues  of  the  Guinea  Pig  to 
Artificially  Induced  Inflammation 

IRVING  GLICKMAN,  B.S.,  D.M.D. 

Tufts  College  Dental  School,  Boston,  Mass. 

IT  HAS  been  noted  that  in  vitamin  C  deficiency  there  is  an  increase  in  the 
frequency  and  severity  of  local  infections.^'®  This  has  been  attributed  to  a 
lowered  resistance  to  infecting  agents  which  results  from  the  -  generalized  de¬ 
ficiency  state.  Obviously  this  demonstration  of  an  altered  response  in  local 
areas  resulting  from  a  systemic  infiuence  is  particularly  pertinent  to  the  problem 
of  periodontal  disease,  a  condition  in  which  the  interplay  of  local  and  systemic 
factors  occupies  so  significant  a  role.  It  seemed  desirable,  therefore,  to  deter¬ 
mine  what  the  low^ered  resistance  attributed  to  vitamin  C  deficiency  meant  in 
terms  of  specific  changes  in  the  periodontal  tissues.  It  w’as  felt,  too,  that  some 
light  might  be  shed  upon  the  nature  of  periodontal  disease  by  determining  the 
effect  of  a  systemic  disturbance  such  as  acute  vitamin  C  deficiency  upon  the 
response  of  the  periodontal  tissues  to  local  irritation.  To  accomplish  these  pur¬ 
poses,  a  microscopic  study  wras  undertaken  comparing  the  changes  in  vitamin  C- 
deficient  and  control  animals  in  which  the  periodontal  tissues  were  subjected  to 
artificially  induced  irritation. 

EXPERIMENTAL  PROCEDURE 

Twenty-five  young  adult,  vitamin  C-deficient  and  control  guinea  pigs,  de¬ 
scribed  in  a  previous  report,®  were  utilized  for  this  study.  After  sixteen  of  the 
animals  had  been  on  a  vitamin  C-free  diet  for  one  month,  a  10  per  cent  solution 
of  silver  nitrate  was  applied  to  the  labial  gingival  sulcus  in  the  mandibular  in¬ 
cisor  area  in  order  to  induce  inflammation  in  the  periodontal  region.  The  silver 
nitrate  was  applied  wdth  a  cotton  sw’ab  and  left  in  a  position  for  thirty  seconds 
in  all  the  animals,  with  the  exception  of  tw'o  in  the  vitamin  C-deficient  and  con¬ 
trol  groups,  respectively.  All  the  animals  were  sacrificed  four  days  after  ap¬ 
plication  of  the  .silver  nitrate. 

It  was  expected  that  this  procedure  would  reveal  the  differences,  if  any,  in 
the  response  of  the  periodontal  tis.sues  of  vitamin  C-deficient  and  control  animals 
to  inflammation  induced  in  the  gingival  sulcus.  For  this  purpose,  attention  was 
focused  on  the  following  areas:  the  labial  gingival  sulcus,  the  connective  tis.sue 
beneath  the  sulcus,  and  the  underlying  alveolar  bone. 

MICROSCOPIC  OBSERVATIONS 

Inflammation  induced  in  the  gingival  sulcus  resulted  in  pocket  formation, 
localized  necrosis,  and  acute  inflammation  in  the  underlying  tis,sues  of  both  the 

Supported  in  part  by  a  grant  from  the  Bristol-Myers  Company. 
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vitarain  C-deficient  and  the  control  animals.  Althoiijih,  ui)on  lo\v-i)o\ver  exami¬ 
nation,  the  periodontal  pockets  thus  formed  appeared  similar  in  all  animals, 
detailed  study  of  the  underlying  ])eriodontal  tissues  revealed  tiiat  the  vitamin  C- 
deficient  animals  differed  markedly  from  the  control  animals  and  presented  the 
following  characteristic  features:  inability  to  foim  a  peripheral  delimiting  con¬ 
nective  tissue  barrier,  reduction  in  inflammatory  cells,  diminished  circulatory 
response,  inhibition  of  fibroblast  formation-,  and  diffei-entiation  to  form  osteo¬ 
blasts. 

The  following  is  a  detaihd  rejmrt  of  the  findings: 

Xoninitafed  Peviodonial  Tissues 


Control  Jnimals 

Tlie  labial  gingival  sulcus  is  shallow  and 
formed  on  one  aspect  by  tooth  substance 
and  the  other  l)y  stratified  squamous  epi¬ 
thelium  (Figs.  1  and  2).  A  collagenous 
connective  tissue  stroma  forms  the  central 
core  of  the  marginal  gingiva  and  is  covered 
in  its  labial  aspect  by  keratinized  stratified 
squamous  epithelium.  The  connective  tis¬ 
sue  which  underlies  the  gingival  sulcus  and 
separates  it  from  the  labial  alveolar  bone 
is  comprised  of  well-formed  dense  vertical 
collagenous  fibers  and  elli[)tical  fibrocytes. 
There  is  a  moderate  distribution  of  cajiil- 
laries.  Occasionally  an  acci'.mulation  of 
polymorphonuclear  leucocytes  is  seen  in  the 
bottom  of  the  sulcus. 

The  gingival  margin  of  the  alveolar  bone 
is  comprised  of  nonlamellated  coarsely 
granular  matrix  with  large  lacunae  and  en¬ 
closed  spherical  osteocytes  (Fig.  3).  At  the 
periphery  of  the  bone  there  are  cells  |)ar- 
tially  enclosed  in  connective  tissue.  The 
remainder  of  the  labial  plate  is  comprised 
of  nonlamellated  bone.  Osteoblasts  form  a 
prominent  peripheral  border  for  the  entire 
bone  surface.  Osteoclasts  are  occasionally 
seen. 

The  periodontal  membrane  between  the 
bone  and  tooth  is  comprised  of  vertical 
and  horizontal  collagen  fibers  with  many 
spherical  fibrocytes  and  a  moderate  dis¬ 
tribution  of  capillaries.  The  labial  cover¬ 
ing  of  the  alveolar  bone  is  formed  by  many 
layers  of  closely  arranged  parallel  col¬ 
lagenous  fibrils  and  interspersed  fibrocytes. 


Vitamin  ('-Deficient  Animals 

The  labial  gingival  sulcus  is  comparable 
in  appearance  to  that  of  the  control  animal 
(Fig.  4).  The  connective  tissue  core  of  the 
marginal  gingiva  is  altered  in  that  the  out¬ 
lines  of  many  of  the  individual  collagenous 
fibrils  are  obliterated  so  that  there  is  au  ap¬ 
pearance  of  fusion.  There  is  some  evidence 
of  edema  and  the  (dear  staining  quality  of 
the  collagen  is  replaci'd  by  a  poorly  staining 
granular  coar.xeness.  Several  small  scattered 
areas  of  hemorrhage  are  also  seen.  The  con¬ 
nective  tissue  Indween  tin*  gingival  sulcus  and 
underlying  bone  presents  similar  changes. 

The  tip  of  the  bony  plate  is  forimsl  by 
bone  and  adjacent  degenerated  collagenous 
prebony  matrix  (Fig.  .I).  Within  the  bone 
many  of  the  o-teov-y', e  lacu'.ae  are  irregularly 
enlarged  and  distorted  with  shrunken  frag 
mented  osteocytes.  The  degenerated  collagen 
matrix  contains  many  shrunken  cells. 

The  bone  margin  in  apposition  with  the 
periodontal  mendirane  is  irregularly  indented 
with  a  deeply  staining  linear  border.  Occa¬ 
sional  multinuclear  osteoclasts  are  seen  within 
the  marginal  indentations.  Many  deeply 
staining  flattened  polyhedral  cells  are  scat¬ 
tered  along  the  margin.  There  are  no  well- 
formed  osteobla.-ts  or  pale  pink  osteoid  ma¬ 
trix.  The  necrotic  collagenous  matrix  ob¬ 
served  at  the  tip  of  the  labial  fdate  extends 
along  the  entire  labial  aspect  of  the  bone. 

The  collagen  in  the  periodontal  membrane 
appears  as  shrivelled  hypendiromic  .strands 
separated  by  i>dema  and  hemorrhage.  Small, 
isolated,  jioorly  staining  fragments  of  de¬ 
generated  collagen  tire  also  seen.  The  fibro¬ 
cytes  are  flattened  and  hypendiromic. 


FIk.  1. — C'ontrol  animal.  Labial  surface  of  mamiibular  incisor  sliowinK  relation  of 
RiiiKival  crevice  to  tooth  and  iinderl.vin,:;  bone.  Sp.ice  adjacent  to  tooth  (right)  is  artefact. 
(Hematoxylin  and  eosin;  orig.  mag.  X24.) 

Fig.  2. — Control  animal.  Detail  Fig.  1.  Cingival  crevice  containing  a  mixture  of  food, 
cellular  debri.s,  and  inflammatory  c«“ll.«.  (Hematoxylin  and  wsin  ;  orig.  mag.  X105.) 


Fig.  3.  Fig.  4. 

Fig.  3. — Control  animal.  Detail  Fig.  1.  Tip  of  labial  alveolar  bone  .showing  new  bone 
formation  with  o.steoblasta  along  margin  partially  enclosed  in  coniH>ctive  ti.ssue  and  partially  in 
bone.  (Hem.atoxylin  and  eosin;  orig.  mag.  Xl-'Ki.) 

Fig.  4. — Vitamin  C-deflcient  animal.  Labial  surface  of  mandibular  inci.sor  showing 
gingival  crevice.  Note  unaltered  crevice  deptli.  Space  adjoining  tooth  (right)  is  artefact. 
(H»-niatoxylin  and  eosin;  orig.  mag.  XIM>.) 
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Fig.  5. — Vitamin  C-deflcient  animal.  Labial  alveolar  plate  with  strip  of  degenerated  pre- 
bony  collagenous  matrix  adjacent  to  the  bone.  (Hematoxylin  and  eosin  ;  orig.  mag.  X150.) 

Fig.  6. — Control  animal.  Labial  surface,  mandibular  Incisor,  showing  peridontal  pocket 
with  localized  area  of  necrosis  at  base.  (Hematoxylin  and  eosin;  orig.  mag.  X96.) 
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Fig.  7. — Control  animal.  Area  between  base  of  periodontal  pocket  and  underlying  alveolar 
bone.  Note  concentration  of  inflammation  beneath  base  of  pocket.  (Hematoxylin  and  eosin; 
orig.  mag.  X60.) 

Fig.  8. — Control  animal.  Detail  Fig.  7.  Base  of  periodontal  pocket  and  underlying  con¬ 
nective  tissue;  note  dilated  blood  vessels  and  dense  barrier-like  accumulation  of  polymorphonu¬ 
clear  leucocytes,  fibrin,  and  collagen  fibrils.  (Hematoxylin  and  eosin;  orig.  mag.  X180.) 
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Periodontal  Tissues  Subjected  to  Artificially  Induced  Inflammation 


Control  Animals 

The  gingival  sulcus  is  deepened  and  pre¬ 
sents  a  spherical  localized  zone  of  necrosis 
at  its  base  (Fig.  6).  A  mixture  of  poly¬ 
morphonuclear  lymphocytes,  fibrin,  and  col¬ 
lagen  libers  with  interspersed  dilated  en¬ 
gorged  capillaries  and  arterioles  forms  a 
dense  barrier-like  accumulation  immediately 
surrounding  the  necrotic  zone  (Figs.  7  and 
8).  There  is  some  evidence  of  edema  and 
collagen  degeneration  in  this  area,  but  for 
the  most  part  the  outlines  of  individual  col¬ 
lagen  fibrils  are  clearly  discernible. 

Beyond  the  barrier-like  accumulation,  in 
the  direction  of  the  underlying  bone  the  con¬ 
nective  tissue  is  edematous  and  hyperemic, 
and  presents  a  moderate  diffuse  mixture  of 
polymorphonuclear  leucocytes  and  lympho¬ 
cytes.  In  addition,  varying  degrees  of  col¬ 
lagen  degeneration  are  seen  against  a  back¬ 
ground  of  well-formed  collagen  fibrils. 

The  tip  of  the  underlying  labial  bony  plate 
is  formed  by  elongated  trabeculae  of  osteoid 
matrix  which  blends  with  the  adjacent  alveo¬ 
lar  bone  (Figs.  7  and  9).  Contained  within 
the  matrix  are  large  spherical  cells  with 
prominent  nuclei.  A  multilayered  accumu¬ 
lation  of  connective  tissue  cells  surrounds  the 
osteoid  matrix.  At  the  immediate  border  of 
the  matrix  the  connective  tissue  cells  are 
large  and  spherical  in  shape.  Some  areas 
are  seen  in  which  alveolar  bone  is  separated 
from  adjacent  inflammation  by  a  dense 
peripheral  border  of  connective  tissue  cells 
(Fig.  10). 


Vitamin  C-Deficient  Animals 

The  gingival  sulcus  is  deepened  and  pre¬ 
sents  a  spherical  localized  zone  of  necrosis 
at  the  base.  An  area  of  acute  inflammation 
separates  the  necrotic  zone  from  the  under¬ 
lying  bone  (Fig.  11).  The  appearance  of 
the  connective  tissue  in  this  area  differs  con¬ 
siderably  from  the  comparable  region  in  the 
control  animal.  There  is  no  suggestion  of  a 
dense  barrier-like  accumulation  bordering  the 
necrotic  zone  (Fig.  12).  Many  polymorpho¬ 
nuclear  leucocytes  are  dispersed  throughout 
the  area  but  are  less  numerous  than  in  the 
control  animals.  Although  there  are  many 
capillaries  they  are  not  engorged  but  in¬ 
stead  are,  for  the  most  part,  collapsed  and 
barely  detectable.  The  entire  area  is  edema¬ 
tous. 

Collagen  degeneration  is  more  severe  than 
that  seen  in  the  normal  animals.  In  addi¬ 
tion,  it  is  generalized  and  not  limited  to  the 
zone  immediately  bordering  the  localized  area 
of  necrosis  at  the  base  of  the  periodontal 
pocket.  The  collagen  appears  as  clumped, 
hyperchromic,  poorly  differentiated  masses, 
with  internal  fibrillar  outlines  obliterated. 
Prominent  amorphous  strands  of  cosin  stain¬ 
ing  degenerated  collagen  are  also  seen. 

The  tip  of  the  labial  plate  is  formed  by  a 
mass  of  necrotic  collagen  within  which  are 
large  lacunae  with  enclosed  hyperchromic 
nuclei  (Fig.  13).  The  bone  adjacent  to  the 
collagen  is  osteoporotic  with  enlarged  lacunae 
and  eroded  margins.  Amorphous  remnants 
of  osteocytes  are  seen  within  the  lacunae. 
Although  isolated  hyperchromic  nuclei  are 
present  adjacent  to  the  bone,  there  is  no  pale 
staining  osteoid  matrix  or  well-formed  osteo¬ 
blasts.  The  connective  tissue  surrounding 
the  bone  is  edematous  with  degenerated  fibers 
of  collagen  and  hyperchromic  connective  tis¬ 
sue  nuclei  (Fig.  14).  An  accumulation  of 
connective  tissue  cells  comparable  to  that 
which  surrounds  the  bone  in  the  control  ani¬ 
mals  is  not  seen. 


Fit;.  11.  Fig.  12. 

Fig.  !t. — Control  animal.  I^'tail  Fig.  7.  Tip  of  l;ibial  plate  .sliowing  alv€-olar  bone,  ad¬ 
joining  new  lx»ne  formation,  and  osteoclast-s.  Note  dense  accu'nulation  of  connective  tl.ssue  cells 
in  area  of  new  bone  formation.  (Hem  itoxylin  and  eosin ;  orlg.  mag.  X.'iHd.) 

Fig.  10. — Control  animal.  Tip  of  labial  plate  in  clos<.*  relation  to  inflammation.  Note  new 
lame  formation  and  <-onnectivi  tissue  cells  which  separate  bone  from  adjacent  inflammation. 
(Hematoxylin  .and  eosin;  or:g.  mag.  X-'Hi. ) 

Fig.  11. — Vitandn  C-deflcient  animal.  Uabial  surface  of  man<libular  incisor,  showing  area 
of  necrosis  at  base  of  |a-iiodontai  p<M-ket  and  underlying  connective  tissue  and  bone.  Space  ad¬ 
joining  t<»otb  (right)  is  artefact.  (Hematoxylin  and  eosin;  orig.  mag.  X98.) 

Fig.  12. — Vitamin  Oileflclent  animal.  Detail  Fig.  11.  Base  of  periodontal  pwket  and 
underlying  connective  ti.ssue  sliowing  generalized  edema  and  collagen  degeneration.  Note  diffuse 
distribution  of  inflammatory  cells  and  absence  of  conspicuous  dilateil  blood  vessels.  (Hema¬ 
toxylin  .and  eosin;  orig.  mag.  X20().) 


Fig.  13.  Fig.  1  1. 

Fig.  1.’!. — Vitamin  O-ileftcieiit  animal.  l>t‘tail  Fig.  11.  Tip  of  alveolar  plate,  .showing 
ilegenerated  prebony  collagen  matrix  ailjoining  osteoimrotic  alveolar  bone.  Note  abs*'nce  of 
osteoblasts  ami  degeneration  of  surrounding  periodontal  membrane.  (Hematoxylin  and  eosin ; 
orig.  mag.  X3S(i.) 

Fig.  H. — Vitamin  C-deflcient  animal.  l..abial  plate  in  close  relation  to  inflajumatioii.  The 
entire  tip  of  the  labial  plate  is  forme<l  by  degenerated  collagenous  prebony  matrix.  Note  ab¬ 
sence  of  peripheral  accumulation  of  connective  tissue  cells.  Compare  with  Fig.  Id.  (Hema¬ 
toxylin  and  eosin;  orig.  mag.  X22().) 

RKCAl'ITrL.VTION  .\.\I)  l)ISCrS.‘<I()X 

The  chaiifjes  described  are  taiifiihle  indices  of  the  manner  in  which  acute 
vitamin  C  deficien(*y  iinjiaii’s  the  ability  of  the  jH'riodontal  tissues  to  limit  the 
injurious  effect  of  local  irritation.  The  microscojiic  details  of  this  im])air('d 
periodontal  response  are  clarifi(‘d  by  the  followinsr  (*om|>arison  of  tlie  fimlino:s 
in  the  control  and  vitamin  (^-deficient  animals  (  A-D)  ; 

A.  ('ellular  fnfiltration. — In  the  control  ijroup  there  was  a  prominent  poly¬ 
morphonuclear  infiltration  throughout  the  underlyin*;  coinu'ctive  tissue  which 
was  conc(‘ntrated  in  a  harrier-like  accumulation  at  the  peripheral  zone  beneath 
the  necrotic  base  of  the  pock(*t.  In  the  vitamin  ( '-(b'ficient  siroup  there  were 
comparatively  fewer  ])olymor])honucl(*ar  leucocytes  ami  tlu'se  were  scattered 
dift‘us(‘ly  in  the  underlyin*;  tissue. 

It.  Vascular  Response. — In  contrast  with  the  numerous  (‘iiuorifisl  capil- 
lari(‘s  and  arterioh's  observ(‘(l  in  the  inflamed  connective  tissue  beneath  the 
])eriodontal  pockets  in  the  control  •rroup,  the  vitamin  ( ’-deticii'nt  animals  pri*- 
sented  notably  fewer  vessels.  In  addition,  the  bh>od  ves.sels  in  the  vitamin 
deficiiuit  animals  were  not  conspicuously  dilatcMl  but  were  collap.s('<l  and  barely 
discernible  afiainst  the  backfiround  of  de«:enerat(‘(l  colbifren. 
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C.  Collagen. — The  control  animals  presented  a  moderate  degree  of  collagen 
degeneration  associated  with  inflammation  throughout  the  area  between  the 
base  of  the  pockets  and  the  underlying  bone.  However,  well-formed  collagen 
fibrils  were  concentrated  immediately  beneath  the  base  of  the  pocket  and  in 
addition  were  scattered  throughout  the  remaining  area.  In  the  vitamin  C- 
deficient  animals,  throughout  the  area  between  the  base  of  the  pocket  and  the 
underlying  hone,  collagen  degeneration  was  more  severe  than  in  the  control 
group.  In  addition,  there  were  no  well-formed  collagen  fibrils  anywhere  in 
the  aiea. 

The  findings  suggest  two  facts  regarding  the  collagen  degeneration  in  the 
vitamin  C-deficient  animals:  First,  because  of  the  artificially  induced  inflam¬ 
mation  the  collagen  degeneration  was  more  severe  than  that  which  results  from 
acute  vitamin  C  deficiency  alone;  and  second,  the  exaggerated  severity  of  the 
collagen  degeneration  •  a.ssociated  with  artificially  induced  inflammation  in  the 
vitamin  C-defieient  group  undoubtedly  was  due  to  a  superimposed  effect  of 
the  pre-existent  deficiency.  The  failure  to  form  new  collagen  fibrils  is  consistent 
with  the  generally  accepted  impression  of  acute  vitamin  C  deficiency. 

Z>.  Bone. — Osteoblastic  activity  and  new  bone  matrix  were  prominent 
findings  at  the  margin  of  the  alveolar  bone  beneath  the  periodontal  pockets  in 
the  control  animals.  In  the  vitamin  C-deficient  animals  there  was  no  new  bone 
formation  in  this  area.  Instead,  there  was  degeneration  of  the  collagenous 
prebony  matrix  and  osteoporosis  of  previou.sly  formed  bone.  Osteobla.sts  were 
rare.  The  prominent  accumulation  of  connective  tissue  cells  which  separated 
the  bony  margin  from  the  inflammation  and  apparently  gave  rise  to  the  osteo¬ 
blasts  in  the  control  animals  was  absent  in  the  vitamin  C-deficient  group.  This 
retardation  in  the  formation  and  differentiation  of  connective  tissue  cells  coupled 
with  an  inability  to  form  and  maintain  new  bone  matrix  accounted  for  the 
absence  of  well-formed  new  l)one  beneath  the  periodontal  pockets  in  the  vitamin 
C-defieient  animals. 

/  It  is  apparent  that  acute  vitamin  C  deficiency  alters  the  response  of  the 
periodontal  tissues  so  that  the  destructive  effect  of  inflammation  is  accentuated. 
The  exaggerated  destruction  in  the  presence  of  inflammation  results  partly  from 
an  inability  to  marshal  a  defensive  delimiting  reaction  to  the  inflammation  and 
j)artly  from  destructive  tendencies  caused  by  the  deficiency  even  in  the  absence 
of  inflammation.  Although  it  was  recognized  that  inflammation  and  acute 
vitamin  C  deficiency,  each  of  itself,  exert  a  destiuctive  effect  upon  the  peri¬ 
odontal  tissues,  the  manner  in  which  the  destructive  effect  of  gingival  inflam¬ 
mation  is  influenced  by  acute  vitamin  C  deficiency  ha«l  not  been  shown.  The 
findings  in  this  study  reveal  fii-st,  that  there  is  a  lowered  resistance  to  the 
destructive  effect  of  gingival  inflammation  in  acute  vitamin  C  deficiency,  and 
second,  that  there  are  specific  histologic  featui’cs  by  which  this  lowered  resist¬ 
ance  is  charactei  i/tnl. 

The  deiium.st ration  of  an  impaire<l  periodontal  response  to  inflammation  in 
acute  vitamin  C  deficiency  and  the  expression  of  this  impaired  response  in 
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specific  histolofficnl  terms  are  particularly  pertinent  to  the  problem  of  peri- 
fKlontal  disease.  They  serve  to  reaffirm  the  interdependence  of  local  and 
systemic  influences  in  the  etiology  of  periodontal  disease  and  reveal  in  micro¬ 
scopic  detail  an  example  of  systemic  control  upon  the  effects  of  gingival  in¬ 
flammation. 

Because  acute  vitamin  C  deficiency  is  a  potential  factor  in  the  etiology  of 
periodontal  disease,  it  is  desirable  that  the  nature  of  its  influence  be  established. 
Clarification  of  the  interrelationship  of  acute  vitamin  C  deficiency  and  gingival 
inflammation  in  the  causation  of  gingival  disease  is  a  step  in  this  direction. 
Acute  vitamin  C  deficiency  results  in  hemorrhage  and  destructive  degenerative 
changes  in  the  gingivae  and  underlying  tissues.  It  does  not,  however,  cause 
gingival  inflammation.®  The  initiation  of  gingival  inflammation  requires  the 
presence  of  a  local  irritating  factor.  The  inflammatorv'  changes  induced  in  the 
periodontal  tissues  by  local  irritating  factors  are  different  from  those  which 
result  from  acute  vitamin  C  deficiency.  In  cases  of  periodontal  disease  in  which 
both  vitamin  C  deficiency  and  local  irritating  factors  occur,  the  ability  of  the 
periodontal  tissues  to  withstand  the  destructive  effect  of  inflammation  is  im¬ 
paired.  The  severity  of  periodontal  destruction  is  thereby  increased.  The 
demonstration  of  specific  histological  features  which  constitute  a  lowered  resist¬ 
ance  to  the  destructive  effect  of  gingival  inflammation  in  acute  vitamin  C 
deficiency  furthers  our  understanding  of  the  influence  of  the  deficiency  in 
periodontal  disease. 

SUMMARY  AND  CONCLUSIONS 

The  effect  of  acute  vitamin  C  deficiency  upon  the  response  of  the  perio¬ 
dontal  tissues  to  artificially  induced  inflammation  was  studied  in  a  controlled 
experiment  using  twenty-five  guinea  pigs.  Inflammation  was  induced  by  an 
application  of  a  10  per  cent  solution  of  silver  nitrate  in  the  gingival  sulcus  for 
thirty  seconds  in  vitamin  C-deficient  and  control  animals. 

Although  comparable  pocket  formation  and  localized  necrosis  resulted  from 
artificially  induced  infiammation  in  both  the  vitamin  C-deficient  and  the 
control  animals,  associated  destructive  changes  in  the  underlying  tissues  were 
more  severe  in  the  vitamin  C-deficient  group. 

Acute  vitamin  C  deficiency  altered  the  response  of  the  i>ericHlontal  tissues 
so  that  the  destructive  effect  of  inflammation  was  accentuated. 

Specific  histologic  features  which  constitute  a  loweml  ivsistance  to  the 
destructive  effect  of  gingival  inflammation  in  acute  vitamin  C  deficiency  were 
demonstrated. 

Whereas  a  well-formed  barrier  of  collagen  fibrils,  fibrin,  and  inflammatory 
cells  separated  the  artificially  induced  area  of  injury  from  the  underlying  l)one 
in  the  control  animals,  no  such  barrier  occurred  in  the  vitamin  C-deficient 
animals. 

Conditions  existing  in  the  periodontal  area  in  acute  vitamin  C  deficiency 
which  contribute  to  a  subsequent  exaggerated  destructive  effect  of  induced  in- 
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rtainniatioii  include:  a  tendency  toward  eolla«:en  deffcneration  and  failure  to 
form  new  eollajfen,  osteo]>orosis  of  alveolar  lame,  and  inability  to  produce  well- 
formed  bone  mati'ix. 

Factoi*s  which  follow  the  introduetion  of  induced  inflammation  and  con¬ 
tribute  to  the  exa«rjrerated  destruetion  of  the  periodontal  tissues  in  acute  vitamin 
C  deficiency  include:  inability  to  form  a  peiii)heial  delimitiiifj  connective  tissue 
barrier,  reduction  in  inflaiv.matory  cells,  diminished  vascular  resjHmse,  and 
inhibition  of  fibroblast  formation  and  differentiation  to  form  osteoblasts. 

Tlio  teciinical  assistance  of  Mrs.  .lane  Zinimer  in  preparinj;  tlie  material  for  this  .study 
is  acknowledged  with  gratitmle  liy  the  author. 
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PKNKMIililN  in  some  form  seems  to  Ik*  a  promisinj;  medicament  ajrainst  the 
loeal  infeetion  whieh  underlies  root  eanal  therai)y.  It  is  reeojinized  that  the 
|)revalent  or«ranisms  eausiiiff  this  infeetion  are  of  the  streptocoeeus  and  staphy- 
loeoeeus  •rroup,  known  to  l)e  i)enieill in-sensitive  as  a  whole,  ft  has  also  lonir 
been  apparent  that  the  usual  medieations  sueh  as  formalin,  ereosol,  phenol,  creo¬ 
sote,  essential  oils,  ehloramines  in  water  or  oil,  iodine,  thymol  or  combinations  of 
these  and  other  drufrs  are  all  profound  tissue  irritants  and  cell  to.\ins.  Xever- 
theless,  seemin«rly  successful  treatment  and  savinjr  of  infected  teeth  has  been 
done  in  the  jiast  and  is  bein«r  done  now  with  some  of  the  listed  caustics.  T’n- 
doubtedly  the  continuation  of  chronic,  paiidess  lesions  after  treatment  has  been 
mistaken  often  for  true  healiiifr.  Possibly  other  factors  are  important  besides 
antisepsis.  The  body  defense  may  surmount  frross  local  chemical  injury  ii 
these  last  factors  are  properly  regarded.  Doubtless,  mere  drainage,  cleansin" 
of  the  root  canals  with  removal  of  infected  contents,  proper  filliiifr  of  the  canals 
themselves  after  treatment,  are  adecpiate  for  the  savinjr  of  some  teeth  despite 
the  chemical  trauma  of  irritant  antiseptics.  Xo  clinical  or  lab»tratory  data  have 
ever  been  i)resented  which  would  tend  to  evaluate  the  various  jxtssible  factors 
in  healinjr.  It  is.  nevertheless,  entirely  lojrical  to  stndy  an  antiseptic  Avhich 
promises  uniipiely  to  be  nontoxie  to  the  cells  of  the  host,  as  well  as  hijrhly  bac¬ 
tericidal.  Would  the  use  of  such  a  drujr  reduce  the  number  of  visits  netnled  for 
sterilization?  Would  it  reduce  the  clinical  .symi)toms  of  tis.sue  irritation  in  the 
course  of  treatment  ?  Would  it  cause  (puckened  healinjr.  more  rapid  tlisappear- 
ance  of  radiojrraphic  shadows  around  infective  roots?  Questions  such  as  those 
have  prompted  the  present  study  on  the  value  of  dry  penicillin  \\\  the  treatment 
of  infected  root  canals.  The  method  of  applyinjr  larjre  and  predetermined  d»Kses 
deposited  on  absorbent  cotton  |)oints  was  tii*st  reported  by  Huchbinder.’  The 
present  study,  a  contiiniation  of  this  work,  was  undertaken  with  the  Warner 
Institute  for  Therapeutic  Research  which  supplied  the  points  Avith  a  ])t)tency 
of  3,000  units  of  crystalline  sodium  ])enicillin  (W20-())  and  also  performed  the 
bacteriolojrieal  work. 

TK.l’IIXIO 

I 

Root  canal  cases  were  .selected  which  inv»>lvcd  definite  periapical  infection; 
that  is  all  cases  i)resented  symptoms  of  acute  or  chroiuc  periapical  infection, 
with  small  or  larjre  radiojrraphic  shadows.  The  technic  in  the  opt^rator’s  chair 
was  standardizeil :  us<*  of  rubber  dam,  paintinjj:  of  the  isolated  teeth  with  tinc¬ 
ture  of  imline  7  per  cent,  chemical  or  heat  sti>rili/.ation  t)f  all  instnnm'uts.  auto- 
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•BactiTloloKlat,  Warner  Institute  for  Tlieraia-nlU'  Ueaearch,  New  York,  .\.  V. 

:.Ml 


•>1‘>  MAURICE  BUCHBINDER  AND  BENJAMIN  S.  SCHWARTZ  1.  D.  Re,. 

Aoril.  1948 

clavin"  of  cotton  points  and  pallets,  all  steps  in  accepted  root  canal  technic.  At 
the  first  visit  the  tooth  is  isolated  with  the  rubber  dam,  opened  with  sterile  burs, 
and  a  culture  is  taken  in  duplicate  of  the  canal  fluid,  brain-heart  infusion  broth 
containiii}?  rabbit  serum  and  penicillinase  being  used.  One  tube  is  incubated 
at  the  operator’s  laboratory’,  the  other  sent  to  the  Institute  for  incubation 
aerobically  and  anaerobically,  plating  in  bloocl  agar,  and  for  identification  of 
organisms.  The  root  canal  is  cleansed,  washed  with  penicillin-concentrate  solu¬ 
tion.  finally  cement-sealed  in  the  canal,  with  a  point,  impregnated  with  3,000 
units  of  crystalline  sodium  penicillin,  dry  or  slightly  moistened.  At  the  second 
^^sit  the  technic  is  repeated.  When  the  cultures  have  been  found  to  be  sterile 
for  at  lea.st  two  successive  visits,  the  canal  is  filled  by  a  standard  method. 

PERSISTEXCE  OF  BACTERIOST.XSIR  IN  THE  CANAL 

To  find  out  for  how*  long  a  time  the  penicillin  point  retains  its  bacteri¬ 
ostatic  effect,  the  dressing  sealed  in  the  cavity  at  a  previous  visit  was  removed 
and  plated  on  an  infusion-agar  petri  dish  seeded  with  Staphylococcus  auteus 
(FDA  209).  The  dish  was  incubated  and  any  persistent  bacteriostatic  action 
was  evidenced  by  a  clear  oval  zone  of  inhibition  of  growth.  The  experiments 
were  repeated  for  ten  patients,  some  with  several  teeth  each.  The  time  of  re¬ 
tention  in  the  canal  was  varied  from  one  day  to  a  maximum  of  nine  days. 
Photographs  were  made  (Figs.  1,  2  and  3)  of  all  petri  dishes,  and  the  long 
axes  of  inhibition  zones  were  mea.sured  and  recorded.  Control  plates  were 
made,  standard  root  canal  antiseptics  being  used.  The  residual  penicillin  po¬ 
tency  was  determined  in  a  few  cases  by  the  assaying  of  removed  treatment 
points. 

DISCUSSION  OF  DATA 

(A)  Rapidity  of  Sterilization. — Dental  points  impregnated  w’ith  3,000  units 
of  crystalline  sodium  penicillin  were  used  as  a  treatment.  The  present  data  are 
based  on  forty-four  cases.  Of  these :  tw’enty-three  eases  were  sterilized  with  one 
treatment,  six  cases  were  sterilized  Avith  two  treatments,  three  eases  were  ster¬ 
ilized  with  three  treatments,  two  cases  w*ere  sterilized  with  4  treatments,  two 
cases  were  sterilized  with  five  treatments,  five  eases  were  sterilized  w’ith  six  treat- 
inents,  and  three  cases  were  not  sterilized  at  all  (penicillin-resistant  organisms). 

Resistant  ca.ses  omitted,  the  average  treatment  time  of  the  remaining  forty- 
one  cases  Avas  1.9  visits.  The  aA’erage  number  of  sittings  necessary  for  treating 
Avith  formoere.sol  or  camphorated  monochlor-phenol  is  8.*  An  average  of  four 
has  becm  reported  for  the  number  of  visits  needed  to  achieve  sterility  with 
Azochloramid.®  The  electrophoresis  technic  has  been  found  to  require  approx¬ 
imately  the  same  number  of  visits.  Thus,  from  the  data  obtained  to  date,  den¬ 
tal  points  imiiregnated  Avith  3,000  units  of  crystalline  sodium  penicillin  are 
definitely  superior  in  their  ability  to  achie\’e  rapid  sterilization.  It  should  be 
addwl  that  unlike  azochloramid  and  electro-sterilization  it  cannot  stain  the 
tooth  structure,  nor  does  it  mpiire  ten  to  fifteen  minutes  of  extra  time  in  the 
chair  as  the  latter  metluKl  does. 
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(B)  Bactericidal  arul  Bacteriostatic  Action. — Well-defined  baeteriostasi.s 
was  evidenced  in  most  cases  tested  even  three  or  four  days  after  plaeinj?  of  the 
penicillin  point  into  the  canal  and  its  removal  from  it.  In  a  few  cases  even  the 
fluid  absorbed  by  neutral  cotton  points  one  or  more  days  after  dressin"  the  canal 


-Zones  of  inhibition  of  freshly  saturated  dental  points  with  A,  phenol ;  B,  eucalyptol 
C,  eugenol ;  D,  creosote. 


Fig.  2. 


Fig.  S. 


Fig.  2. — A,  zone  of  inhibition  of  a  penicillin  dental  point  (SOOOu)  removed  after  forty- 
eight  hours.  B,  neutral  dental  point  showing  bacteriostatic  effect  of  root  canal  Hiild  absorbed 
on  it  after  removal  of  the  dressing. 

Fig.  3. — Zone  of  inhibition  of  a  dental  point  Impregnated  with  3,000  units  of  crystalline 
sodium  p<-nicillin. 
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with  a  penu‘illiii  point  was  notably  bacteriostatic  This  indicates  a  prolonged 
and  active  bacteriostatic  effect  witidn  the  canal  and  tissues.  It  is  interestinj; 
to  rt^port  that  the  penicilliji  point  sealed  in  the  canal  t‘<»r  several  days  and  also 
the  fluid  collected  on  neutral  absorbent  points  bad  more  l)acteriostatic  effect 
than  of  freshly  saturated  absorbent  control  points  with  jibenol,  eucalyp- 
tol,  eujrenol  creosote,  and  other  of  the  older  medicaments.  Fijjs.  1,  2,  and  d 
illustrate  clearly  the  extent  of  the  bacteriostatic  action  with  penicillin  (:{,()()() 
units)  points  after  bavinjr  been  sealed  in  the  canal  for  some  days,  as  well  as 
the  comparative  effect  of  fresh  phenol,  eucalyptol,  euirenol.  creosote.  While  it 
is  well  recofrnized  that  the  zone  cf  inhibition  is  not  a  ^'ood  measure  of  residual 
penicillin  potency  in  any  one  dressinjr  point,  nevertheless  it  is  unescapable  that 
l>enicillin  (d,(XK)  units)  .sealed  in  the  canal  for  several  days  is  more  active  than 
the  other  medications,  freshly  prei)ared.*  Table  I  presents  the  data  for  all 
cases  tested. 


Tabi.e  I. 
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IXHIBITIOX 

1 

I 

IXIIIHITIOX 

OIAMETEKS 

1 

I  TKST 

T1 M  E 

niAMETERS 

(>E  ADOEO 

•  •.\SK  ; 

T*)OTH 

i  NO. 

EI.APSEl) 

(  MII.I.IMETEK) 

ITS  (  MM.) 

Mrs.  T.  B. 

1  1 

1 

9(5  hrs. 

23x28 

o 

9(5  hr.s. 

21x27 

•y 

72  hrs. 

21x19 

Mr.-^.  K.  B. 

1  1 

1 

24  hrs. 

52x48 

48x.3(5 

•> 

72  hrs. 

42x:’.5 

10x11 

3 

7  (lays 

24x27 

Mr.  K.  K. 

1  1 

1 

9(5  lirs. 

22x19 

•> 

7  (lavs 

0 

o 

9(5  hrs. 

33x41 

Mr.  K.  K. 

1  2 

1 

9(5  hrs. 

20x24 

•) 

7  (lavs 

3x10 

3 

72  hrs. 

3x17 

Mrs.  J.  S. 

-  1 

1 

9(5  hrs. 

12x12 

10x10 

o 

9‘5  hr.s. 

Hx:*. 

0 

Mr.  8.  M. 

1  i 

1 

9(5  hrs. 

*’4x2*’ 

Mr.  H.  M. 

1  7 

1 

24  hrs. 

45x35 

.30x40 

•J 

72  hrs. 

25x31 

28x24 

3 

1  WH'ek 

0 

Mr.  S.  S. 

1 

9  5  hrs. 

2(5x24 

Dr.  P.  D. 

!  4 

1 

24  lirs. 

38x25 

2(5x20 

O 

24  lirs. 

28x23 

19x15 

Mrs.  J.  W.  8. 

I 

;; 

48  hrs. 

34x27 

27x1(5 

nA( TEKIOIXHilCAI,  STrniES 

The  nee<l  for  bacteriolotrical  .studies  as  an  adjunct  to  root  canal  therapy 
has  l>een  amply  demonstrated.  Knowledfje  of  la-ot  canal  bacterial  Hora  is  not 
lackiiifr  but  it  has  n<»l  been  comprehensive  nor  entirely  accurate.  With  the  ad- 
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vent  of  ])(>iii('illiii  into  dentistry  the  need  for  eonii)rehensive  studies  on  the  hae- 
terial  flora  and  sensitivity  of  these  organisms  was  evident.  In  eonneetion  witli 
the  elinieal  evaluation  of  penicillin  dental  points,  a  hacteriolojrical  study  was 
undertaken.  All  cases  were  cultured  in  selective  nie<lia,  the  or"anisins  isolated, 
identified,  and  tested  for  penicillin  s(*nsitivity. 

MKTllOn  .\NI)  .MATKKIAI,S 

The  dental  points  were  prepare<l  to  eontain  units/point.  This  was 

accomplished  in  the  following  manner;  To  vials  containing  2(K),(HK)  units  of 
crystalline  sodium  penicillin  (Pfizer),  sixty-si.x  extra  fine  cotton  dental  points 
were  added  sterilely,  and  just  enonffh  sterile  (listilled  water  was  added,  the 
volume  of  water  absorbed  l)y  these  f)oints  havinjr  been  previously  determined. 
The  i)oints  were  dried  under  vacuum  in  a  dessicator  at  r(H)m  temperature  for 
two  days.  They  were  then  divided  into  croups  of  ten,  placed  in  sterile  «rlass 
vials  containinjr  Dryrite,  and  stored  at  .V10°  (\  and  at  room  temperature.  The 
points  were  as.saye«l  for  |)otency  ( F.  I).  A.  methocl  )  immediately  after  prepara¬ 
tion  and  after  storage  for  two  months  at  room  and  at  refrigerator  temperature 
.5-10°  Centigrade.  The  |)otency  of  these  points  after  preparation  and  after  two 
months’  storage  was  approximately  the  same.  Stored  under  dry  conditions 
these  points  probably  have  stability  of  crystalline  penicillin. 

Technic  of  ('nUural  Examination. — For  every  patient,  at  each  visit,  a  fresh 
sterile  absorbent  cotton  point  is  inserted  into  the  canal  after  the  use  of  rubber 
dam,  iodizino  the  field,  openiujr  with  sterile  burs,  and  removinjr  the  previously 
sealed  dressinj;.  The  fresh  point  is  inserted  to  the  apex,  kept  for  one  minute 
in  the  caiial,  ainl  dropped  into  a  tube  of  broth  media. 

Several  different  media  have  been  employed  for  cultural  examination  of 
root  canals,  in  view  of  our  observations,  to  be  described  in  detail  later,  that 
residual  penicillin  remains  in  the  r(M)t  canal  for  as  lonjr  as  seventy-two  hours, 
we  deemed  it  necessary  to  use  a  media  containinf;  a  penicillin  inactivator.  We 
employed  brain  heart  infusion  broth  (I)ifco)  to  which  5  per  cent  inactivated 
rabbit  serum  and  penicillinase  (Schenley,  each  15  ml.  of  media  contained  10 
units  of  penicillinase)  were  added. 

The  culture  tubes  were  incubated  at  27°  C.  for  forty-eijrht  hours.  In  addi¬ 
tion,  0.1  ml.  (luantities  were  plated  on  blood  ajjar  plates,  and  ineubateil  aerobic¬ 
ally  and  under  10  per  cent  (’O2  tension.  In  a  luuuber  of  cases  we  confirmetl  the 
observation  made  by  (Jrossman  with  that  of  jrlucose  ascites  medium  “that  is 
when  o;f()\vth  is  present  the  bacterial  colony  bc'rins  to  deveh>p  alH>ut  the  tip  or 
surface  of  the  absorbent  i>oint  and  remains  there  instead  of  beinjr  dispersevl 
throufrhout  the  medium.” 

OKUANMS.MS  ISOi.ATKO  A.ND  SKNSI  I’IVITY  OK  TK.STS 

A  total  of  21 H  cultures  of  root  canals  were  examined  and  of  tluNe  seventy- 
<me  were  positive  for  one  or  more  organisms.  These  cultures  weiv  taken  on 
forty-four  new  clinical  cases,  and  on  ten  clinical  cases  which  had  l>een  in  proj;- 
ress  before  the  study  bejjau.  Of  these,  thirty-five  were  bacteriolojjically  pixsitive 
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for  one  or  more  orffanisins.  The  orfianisms  were  isolated  and  identified  (Table 
II).  The  most  prominent  baeteria  were:  Streptococcus  viridans,  Staphylo¬ 
coccus  albus,  and  Staphylococcus  aureus.  The  sensitivity  of  the  organisms  was 
determined  by  addition  of  an  inoculum  of  constant  size  to  varyin"  amounts  of 
penicillin  (sodium  crystalline  (J).  Streptococci  and  pneumococci  were  eulturetl 
for  forty-eifrht  hours  in  brain  heart  infusion  broth  .(Difco)  with  5  per  cent 
rabbit  serum;  for  the  other  organisms  no  serum  was  used.  The  inoculum — i.  e. 
0.5  ml.  of  this  culture  diluted  to  10’,  in  tr\*ptose  phosphate  broth  (Difco) — 
was  added  to  tubes  containing  0.5  ml.  broth  with  decreasin"  amount  of  ])eni- 
cillin  (1024  to  0.0035  unit  j)er  1  milliliter).  The  concentration  of  penicillin  re- 
(piired  to  inhibit  f?rowth  was  determined  by  direct  observation  of  the  test  tubes 
and  checked  by  microscopic  examination  in  hangin"  drop  preparations.  In  all 
tests,  the  strain  of  Staphylococcus  aureus  (209  P)  failed  to  grow  in  tube  con¬ 
taining  0.0035  unit  ml.  in  forty-eight  hours. 

The  results  of  the  sensitivity  tests  are  summarized  in  Table  I.  The  sensi¬ 
tivity  of  the  streptococcus  and  staphylococcus  strains  varied  between  0.0035  and 
8.0  units/ml.  Of  the  twenty-two  streptococcus  strains  t(‘sted,  seventeen  were 
sensitive  to  0.5  unit/ml.  or  less.  As  a  group,  the  Staphylococcus  albus  strains 
were  less  susceptible.  Of  twenty-two  strains  tested,  only  three  were  sensitive  to 
less  than  0.5  unit/ml.  The  diphtheroids,  pneumococcus,  and  other  Gram-posi¬ 
tive  strains  were  sensitive  to  0.5  unit/ml.  or  less. 

All  the  Gram-positive  organisms  Isolated  and  all  but  one  strain  of  the 
Neisseria  group  were  found  susceptible  to  penicillin.  The  Gram-negative  organ¬ 
isms  which  occasionally  are  isolated  from  the  root  canals  are  for  the  most  part 
not  susceptible,  as  is  to  be  expected.  The  incidence  of  these  organisms  in  root 
canals  is  known  to  be  low.  Six  organisms  identified  as  E.  coli,  Klebsiella 
pneumoniae  (Friedlander’s  bacillus),  Pt^oteus  sp.,  Alcaligenes  sp.,  paracolon 
sp.,  and  Neis.<teria  catarrhalis  (Rough  type)  were  not  susceptible  to  1024  unit 
ml.  penicillin. 

DURATION  OF  PENICILLIN  ACTIVITY  OF  THE  POINTS  IN  THE  ROOT  CANAL 

Penicillin  dental  points  were  placed  in  root  canals  for  different,  definite 
lengths  of  time  and  then  were  extracted  in  1  per  cent  phosphate  buffer  solution 
pll  6.0  and  tested  for  inhibition  of  Staphylococcus  aureus  (209  P)  by  the  cup 
plate  a.s.say  method  (F.  D.  A.). 


Table  III 


Inhibitory  Action  of  Penicili.in  Dental  Points  Aoainst 
Stapliylovovt'vs  Aurt~us 


TIME  POINT  REMAINED  I 

IN  CANAL 
(HOCRS) 

KKSIDl'E  PENICILLIN  IN  D.  P. 
I’NITS/ML. 

6 

120.0 

18 

.  100.0 

24 

50.0 

48 

8.0 

72 

2.0-0.0 

oia  MAl'KIOK  BUCHBINDER  ANJ)  BENJAMIN  S.  SCHWARTZ  I.  D.  R„. 

April,  1948 

After  twenty-four  hours  in  the  root  canal,  the  points  still  had  a  very  good 
activity,  corresponding  to  50  units,  and  after  forty-eight  hours  the  activity  was 
sufficiently  high  to  exert  a  definite  bacteriostatic  effect  (8  units  Table  111). 

The  root  canal  fiora  contain  a  rather  wide  variety  of  bacterial  strains. 
These  are  in  the  main  penicillin-sensitive.  There  is  liowever,  an  exceedingly 
wide  range  of  variation  as  to  specific  sensitivity  within  ths  group.  Some  are 
markedly  sensitive;  othei-s  moderately  so.  Among  the  predominant  organisms, 
the  Staphylococcus  albus  group  is  least  sensitive.  The  more  resistant  strains  are 
readily  amenable  to  the  doses  of  penicillin  employed  but  they  might  not  be  to 
smaller  doses. 

A  small  group  of  penicillin-insensitive  strains,  primarily  Gram-negative  or¬ 
ganisms,  are  regularly  isolated.  Persons  infecteil  with  these  organisms  are  not 
amenable  to  penicillin  therapy.  They  should  be  recognized  and  treated  with 
supplementary  methods  by  the  alert  practitioner.  Gram  stains  of  cultures 
would  suffice  for  recognition.  The  incidence  of  this  type  of  root  canal  infection 
is  small,  but  it  does  occur. 

CONCLUSIONS 

The  use  of  dental  points  impregnated  with  3,000  units  of  crystalline  peni¬ 
cillin  appreciably  shortens  the  time  needed  for  sterilization  of  the  canal  and 
tissues.  It  is  important  to  stress  the  ease  with  which  the  penicillin  points  may 
be  used  in  this  manner.  There  is  a  minimum  of  effort  for  the  dentist  when  a 
large  predetermined  dose  is  placed  directly  into  the  canal  where  needed.  The 
addition  of  a  drop  or  so  of  sterile  water  makes  available  also  a  highly  concen- 
tratetl  penicillin  wash  in  the  canal.  It  is  neces.sary  to  add  here  that  the  root 
canal  cannot  be  injected  with  any  sizeable  volume  of  fluid.  Thus,  the  injection 
method  proposed  by  others  entails  a  loss  by  leakage  of  most  of  tbe  injected 
fluid  and  the  actual  retention  of  onlj'  a  small  and  undetermined  dosage.  Even 
if  injections  were  feasible  it  seems  obvious  that  such  a  method,  involving  as  it 
does  great  pressure  into  an  infected  area,  entails  the  danger  of  spreading 
the  infection.  In  addition,  the  extra  time  and  effort  involved  must  be  con¬ 
sidered.  as  well  as  the  psychological  effect  of  the  use  of  the  needle  which  most 
patients  dread  and  resent.  In  brief,  even  if  all  things  were  equal,  if  equal  doses 
could  be  placed  into  the  canal  by  either  the  point  or  the  syringe,  dentists 
would  much  prefer  the  quick,  i)ainless,  dry  or  moist  dressing  to  the  trouble¬ 
some  needle.  As  was  pointed  out,  however,  the  needle  method  is  really  im¬ 
practical  and  fallacious. 

No  ca.se  was  encountered  which  resulted  in  swelling  or  severe  pain  fol¬ 
lowing  the  use  of  penicillin  point  dosages.  Not  infrequently  teeth  sealed  with 
formocresol  or  other  irritants  become  painfnl  as  a  result  of  chemical  injury 
superimposed  on  bacterial  infection. 

The  points  used  at  present  were  found  to  be  too  long  for  the  average 
canal.  They  should  be  cut  to  practical  length  before  impregnation  and  then 
impregnated  with  the  same  or  even  larger  doses  of  penicillin.  The  dentist 
would  not  have  to  clip  or  pack  down  tlie  overlong  point. 
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Small  pellets  should  be  manufactured  to  act  as  companions  for  the  point. 
These  could  be  used  easily  in  canals  which  are  at  the  start  too  fine  for  the  u.sc 
of  the  re{?ular  point.  They  could  also  be  used  to  fill  the  pulp  chamber  after 
the  penicillin  point  was  placed  into  the  canal.  The  larger  teeth  would  admit 
several  such  pellets  easily  with  verj’  little  effort,  and  the  total  dose  would  be 
greatly  enlarged  for  all  canals,  particularly  the  premolar  and  molar  teeth,  as  well 
as  the  large  incisor  teeth. 

No  single  instance  of  penicillin  allergy,  such  as  rash,  swelling  or  other 
untoward  symptom,  was  encountered. 
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A  PERFUSION  APPARATUS 

JAMES  M.  STEWART,  D.D.S.,  AND  ROBERT  E.  MOYERS,  D.D.S.,  M.S. 

Department  of  Pediatries  and  Department  of  Orthodontics,  State  Unirersity  of  Iona, 

loua  City,  la. 


A  PERFUSION  apparatus  is  presented.  It  was  designed  for  the  perfusion  of 
the  entire  heads  of  experimental  animals  during  studies  in  which  the 
immediate  fixation  of  the  periodontal  tissues  was  a  desired  objective. 


DESCRIPTION 

Fig.  1  is  a  schematic  drawing  of  the  apparatus.  .1  is  the  air  supply  con¬ 
nected  to  the  firet  chamber,  an  ordinary  wide  mouth  laboratory’  jar  supplied 
with  a  three-hole  stopper.  B,  a  ground  glass  straight  valve,  allows  the  regu¬ 
lated  escape  of  air  from  the  chamber,  thus  controlling  the  pres.sure  passing 


through  the  apparatus.  A  system  of  valves,  C  and  C',  directs  the  flow  through 
either  chamber  I)  or  E  which  are  filled  with  the  perfusing  fluids.  A  manom¬ 
eter,  F,  ■  and  a  master  valve,  G,  are  provided  for  more  pre<*ise  control  and 
operation  of  the  fluid  flow  through  H,  the  leads  to  the  cannulae. 
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PROCEDURE 

The  apparatus  is  connected  to  the  ordinary  laboratory  air  supply.  Be¬ 
fore  the  air  pressure  is  turned  on,  the  closing  of  oblique  valve,  C',  and  the 
opening  of  valve,  G,  will  provide  the  operator  with  a  blood  pres.snre  reading 
directly  from  the  lead  vessels.  Having  the  system  filled  with  normal  saline 
will  keep  the  animal’s  blood  from  coming  in  actual  contact  with  the  valves 
and  the  mercury  of  the  apparatus.  Ac(piiring  the  blood  pressure  reading 
in  this  fashion  enables  one  to  judge  the  amount  of  pres.snre  to  be  maintained 
during  perfusion.  The  veins  draining  the  region  to  be  perfused  are  severed 
at  this  time. 

Ordinarily  an  isotonic  saline  solution  woidd  be  run  through  first.  After 
a  clear  flow  of  fluid  is  observed  from  the  previously  cut  veins,  the  valves 
may  be  switched  to  allow  the  u.se  of  the  other  chamber’s  fluid.  The  apparatus 
has  been  successfully  used  to  obtain  immediate  fixation  of  tissue  for  study 
and  with  dye  solutions  for  capillary  distribution  studies.  If  it  is  desired 
to  use  more  than  one  dye  material,  this  can  be  done  by  simply  filling  the 
first  chamber  wdth  the  new  dye  solution  ivhile  the  second  chamber  is  being 
emptied  into  the  animal. 


SUMMARY 

The  apparatus  described  is  presented  as  one  providing  satisfactory  equip¬ 
ment  for  many  simple  perfusion  procedures.  It  can  be  constructed  from 
material  available  in  the  ordinary  laboratory  and  at  a  rea.sonable  cost. 
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The  Pretext  Status  of  Dental  Caries.  Robert  M.  Stephan,  National  In¬ 
stitute  of  Health,  Bethesda,  Manjtand.  Diet,  particularly  sugar  intake,  plays  an 
imiwrtant  role  in  the  caries  process.  Topical  application  of  urea  or  its  am¬ 
monium  salts  shows  inhibitory  action  on  the  bacteria.  However,  any  method 
which  relies  ui>on  faithful  cooperation  of  the  patient  in  applying  a  medicament 
is  not  suitable  for  mass  control  of  caries.  At  the  present  time,  fluorides  in  the 
water  supply  and  topically  applied  to  the  erupted  tooth  .seem  to  be  the  most 
promising. 

Scientific  Proceedings  of  the  Philadelphia  Section  School  of  Dentistry, 
Temple  University,  March  12,  1948* 

Solubility  of  Tooth  Substance  in  Relation  to  the  Composition  of 
S.\liva.  Bodil  Schmidt-Nietson,**  Swarthmore  College.  Saliva  contains  variable 
amounts  of  hydroxyapatite.  Tooth  enamel  is  soluble  in  saliva  only  when  the 
hydroxyapatite  content  is  below  the  saturation  point.  Saliva  collected  after 
stimulation  is  not  suitable  for  this  study.  L'nstimulated  or  resting  saliva  is 
available  in  sufficient  quantity  and  can  be  collected  in  most  subjects  within  ten 
minutes.  One  and  one-tenth  cubic  centimeter  is  sufficient  for  analysis.  Resting 
saliva  is  not  affected  by  the  time  of  day  or  by  food  ingested.  The  protein  cal¬ 
cium  content  is  constant.  Parotid  saliva  has  a  more  constant  hydrogen-ion  con¬ 
centration  than  does  mandibular  saliva,  usually  pH  5.48.  It  is  less  saturated 
with  hydroxyapatite  than  is  mandibular  saliva. 


*Pre«idinK,  Paul  E.  B<jyle.  Councillor. 
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TRAINING  COURSE  FOR  THE  EVALUATION  OF 
DENTAIi  CARIES  CONTROL  TECHNICS 

September  8  through  13,  1947 
Tuesday,  Seitember  9 
Morning  Session — ('ont’d 

DK.  EASLIOK. — I  think  then  that  we  shall  call  on  the  second  speaker  in  this  morning’s 
symposium.  We  now  must  turn  immediately  to  an  appraisal  of  the  various  control  mea.sures 
which  have  been  re<*ommended  to  us.  The  first,  and  probably  the  oldest,  control  method  that 
has  l>een  made  available  to  us  has  come  from  the  periodontists;  so  we  have  asked  an  Indiana 
periodontist  who  has  be»*n  pursuing  research  work  on  dental  caries  to  present  this  first  area  of 
caries  control.  This  Indianan  is  Dr.  Maynard  K.  Hine,  Dean  of  the  Hchool  of  Dentistry  at 
the  University  of  Indiana.  The  task  assigned  to  him  is  the  appraisal  of  the  value  of  dental 
hygiene  as  a  caries  control  te<*hnic.  His  subject  is  “Prophylaxis,  Toothbrushing,  and  Home 
(’are  of  the  Moutli  as  Caries  (’ontrol  Technics.’’  Dr.  Hine,  I  want  you  to  know  that  we  ap¬ 
preciate  another  neighborly  call. 

PROPHYLAXIS,  TOOTHBRUSHING,  AND  HOME  CARE  OF  THE 
MOUTH  AS  CARIES  CONTROL  MEASURES 

Maynard  K.  Hine,  D.D.S.,  M.S.,  School  of  Dentistry,  Unu-ersity  of 
Indiana,  Indianapolis,  Ind, 

It  is  generally  accepted  that  dental  caries  begins  on  exposed  surfaces  of 
the  teeth,  and  that  bacteria  which  accumulate  there  are  involved  in  the  process. 
Most  authorities  agree  that  the  carious  process  is  initiated  by  acid  action,  al¬ 
though  proteolysis  has  been  suggested.  In  either  event,  the  process  may  be 
diagrammed  as  follows : 

(a)  Microorganisms  +  suitable  media  — ^  harmful  products. 

(b)  Harmful  products  +  susceptible  surface  — ♦  dental  caries. 

A  myriad  of  other  factors,  such  as  rate  of  acid  production,  the  solubility 
of  enamel,  buffering  capacity  of  saliva,  must  be  considered,  of  course,  but  it  is 
obvious  that  the  presence  of  bacteria  and  suitable  media  for  these  bacteria  are 
necessary  for  the  formation  of  dental  caries.  Our  experience  and  study  have 
convinced  us^that  the  initial  step  in  the  carious  process  is  a  decalcification  of 
enamel  by  acid  produced  by  acidogenic  bacteria  degrading  freely  fermentable 
carbohydrate,  but  a  debate  of  this  question  is  beyond  the  scope  of  this  paper. 

It  is  also  generally  accepted  that  since  the  carious  lesion  liegins  in  a  rt‘la- 
tively  small  circumscribed  area  bacteria  must  be  localized,  i)robably  by  a  Iwc- 
terial  plaque,  and  held  in  close  contact  with  enamel  liefore  the  lesion  called 
dental  caries  is  produced.  It  is  natural,  therefore,  that  removal  of  these  bac¬ 
terial  plaques,  as  well  as  mechanical  removal  of  the  bacterial  media,  1h‘  con- 
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sidered  a  metliod  of  caries  control.  The  well-known  sloffan,  “A  clean  tooth 
does  not  decay,”  was  coined  a]>t)arently  by  Dr.  d.  Leon  Williams  years  ago,* 
but  the  idea  was  .stated  in  other  ways  as  early  as  IbdO."’ 

In  1934  a  debate  was  held  before  the  gix'ater  New  York  meeting  on  the 
snbjeet  “Resolved:  That  a  clean  t(K)th  does  not  decay,  and  that  mouth  cleanli¬ 
ness  affords  the  be.st -known  ])rotection  against  dental  caries.”*  Six  well-known 
denti.sts  took  jiart  in  this  debate,  but  no  conclusions  were  reaehed;  an  editorial 
in  the  is.sue  of  Devtal  Cosvios  containing  these  pai)ers  stated  that  .  we  are 
of  the  opinion  that  both  sides  won  this  case.”® 

We  are  convinced  that  this  slogan,  “A  clean  tooth  does  not  decay,”  is 
comi>letely  correct,  if  one  defines  a  clean  tooth  as  one  which  at  all  times  is  free 
of  harmful  micnmrganisms  and/or  free  of  media  for  the  organisms  to  utilize. 
The  question  to  be  discus.sed,  as  far  as  I  am  concerned,  is  “(^ui  a  tooth  be  kept 
‘clean’  enough,  by  mechanical  means,  to  ])revent  or  to  reduce  the  incidence  of 
dental  caries?” 

Although  this  is  an  obvious  and  i>ractical  question,  few  truly  .scientific 
studies  of  this  problem  have  been  made.  Practically  everyone  writing  on  caries 
control  has  mentioned  the  importance  of  maintaining  oral  hygiene  in  inhibiting 
dental  caries,  but  has  given  no  definite  evidence  to  support  the  statement.  In¬ 
cidentally,  every  clinician  knows  that  filthy  teeth  are  not  always  decayed  and 
that  appamitly  “clean”  teeth  are  often  carious.  In  fact,  bacterial  plaques, 
cai)able  of  producing  an  alkaline  reaction,  may  actually  protect  against  dental 
caries. 

Fosdiek®  reported  one  study  on  the  effect  of  toothbrushing  by  twenty  caries- 
active  patients  immediately  after  eating.  These  patients  used  an  antiseptic 
rinse,  anti.septic  paraffin,  and  a  toothbrush  with  a  dentifrice.  The  conclusions 
were  that  there  was  an  appreciable  decrease  in  susceptibility  of  every  patient 
in  the  test.  Doubtless,  the  reduction  in  caries  activity  noted  in  this  experiment 
was  due  to  mechanical  cleansing  in  i)art,  but  the  use  of  medicaments  in  the  ex- 
I)eriment  makes  it  difficult  to  evaluate  the  efficiency  of  the  cleansing  action  alone. 

Fosdick'  also  reported  that  he  now  has  approximately  1,000  people  brushing 
their  teeth  immediately  after  each  ingestion  of  food.  He  should  have  con¬ 
crete  data  on  this  question  in  another  year  or  so. 

In  two  independent  hamster  studies,  brushed  control  animals  were  com- 
I)ared  with  unbrushed  control  animals,  and  in  both  studies  the  brushed  hamsters 
showed  less  dental  caries  than  the  unbrushed  animals  by  20  per  cent  or  more. 
The  two  experiments  were  carried  out  by  Zander*  and  Lazansky.*  Both  re¬ 
ports  are  definitely  preliminary  in  nature,  and  this  reference  may  be  prema¬ 
ture,  but  these  studies  do  represent  an  attempt  to  e.stablish  the  value  of  tooth- 
brushing  in  caries  control,  and  the  evidence  to  date  seems  promising.  Ap¬ 
parently  final  .scientific  evidence  on  the  actual  value  of  mechanical  cleansing 
in  dental  caries  control  is  lacking,  but  because*  of  the  obvious  pos.sibilities  in¬ 
volved,  must  be  considered.  Mechanical  cleansing  of  the  teeth  may  be  classified 
into  five  met  heals: 

A.  ProphylaxiB  by  deiitint  or  hygieniwt 

B.  BruHhing  by  patient 

C.  Mouth  rinKiug 
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I).  Use  of  dental  floss  or  toothpicks  and  various  gadgets  designerl 
to  clean  interproxinial  surfaces 
E.  Incorporation  of  detergent  foo«ls  in  the  diet 

.1.  Prophi/lnxis: 

Routine  sealing  and  polishiiif;  of  the  teeth  by  dentists  or  hygienists  at  in¬ 
tervals  of  from  three  to  six  months  are  of  positive  value  in  prevention  and  eon- 
trol  of  iteriodontal  diseases,  but  itrobably  have  limited  value  in  the  i>revention 
of  dental  earies.  Hine  and  Bibby,"  in  studyiiiff  the  eonstaney  of  the  oral  flora 
a  few  years  afro,  eolleeted  baeteria  from  the  distal  surface  of  a  lower  second 
molar  ami  a  caries-free  occlusal  Assure  sixteen  times  in  eighteen  days.  Each 
(lay  a  scaler  was  used,  and  each  time  an  ample  sui>ply  of  bacteria  was  found. 
In  another  study,  we  collected  material  from  ten  adults  every  two  weeks  for 
twelve  weeks.  Usinff  the  same  sealer  each  time  and  definite  finder  rests,  at¬ 
tempts  were  made  to  collect  bacterial  pbupies  from  the  same  areas  each  time. 
In  every  instance  it  was  very  easy  to  obtain  bacterial  accumulations  for  study. 
Obviously,  if  pbupies  re-form  so  rapidly,  then  removal  everj'  three  to  six  months 
has  (piestionable  value.  Probably  of  more  importan(*e  than  mechanical  cleans- 
in"  of  the  teeth  in  a  prophylaxis  is  the  careful  polishing  of  rou^fhened  tooth 
surfaces  and  the  correction  of  ]M)or  restorations  already  present.  This  may  con¬ 
ceivably  reduce  the  liability  of  retention  of  food  particles  and  bacterial  plaques 
and  thus  reduce  dental  caries.  No  accurate  estimate  of  the  efficiency  of  oral 
jirojiliylaxis  in  caries  control  is  available,  however. 

It.  Tooth  h rush ing : 

If  toothbrushiiif;  is  to  be  effective,  the  followinj;  requiix*ments  must  Ik*  ful¬ 
fil  led  : 

1.  The  toothbrush  must  remove  the  food  debris  immediately  after  eating. 
Stephan®  and  Fosdick’"  have  independently  demonstrated  that  acid  production 
occurs  almost  immediately  after  food  has  reached  the  bacterial  plaque.  So  tooth- 
brushing  must  be  done  immediately  after  eating  to  Ik*  very  effective.  As  Knut¬ 
son"  pointed  out,  such  a  procedure  will  probably  never  receive  the  sanction  of 
authorities  on  etiquette. 

2.  Toothbnishing,  to  be  effective,  must  lie  done  thoroughly.  Casual  brush¬ 
ing  of  exposed  surfaces  of  enamel,  already  cleansed  by  excursion  of  foo<I,  will 
not  pn'vent  or  reduce  interproxinial  or  jiit  and  fissure  earies.  Gottlieb-  men¬ 
tioned  that  the  Charters’  method  of  tiKithbrushing  is  the  correct  one  to  use 
‘•from  the  caries  viewpoint”  but  it  is  admittedly  a  tinie-eonsuniing,  tedious 
task  to  brush  all  .surfaces  of  all  teeth. 

A  study  made  by  Robinson"  suggests  that  the  average  young  adult  spends 
about  sixty-seven  si‘conds  in  brushing  his  t(*eth.  (\*rtainly  this  is  not  enough 
time  to  allow  thorough  cleansing  of  each  interiutiximal  surface.  Incidentally, 
Robinson  found  that  the  left  side  of  the  mouth  received  an  average  of  tliiw 
more  strokes  than  the  right.  Inasmuch  as  the  bilaterality  of  earies  is  well  I'stal)- 
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lished  (Scott*^),  it  would  appear  that  the  tootht)rush  has  not  played  a  prom¬ 
inent  role  in  caries  control,  or  at  least  that  the  extra  strokes  on  the  left  are  of 
no  value. 

Several  studies  have  demonstrated  that  toothbrushinp:  can  reduce  the  num¬ 
ber  of  bacteria  in  the  oral  cavity,  but  no  comments  were  made  regardinf?  the 
effect  of  this  reduction  on  dental  caries. 

Kligler,*®  after  his  experiments  on  three  patients  showed  sharp  reductions 
in  numbers  of  bacteria  after  toothbnishinjf  and  mouth  rinsing,  concluded :  “The 
results  imlicate,  in  accordance  with  prevailing  opinion  in  regard  to  oral  hy¬ 
giene,  that  washing  teeth  before  retiring  is  very  desirable,  and  that  rinsing  the 
teeth  after  each  meal  is  just  as  expedient  a  habit  to  cultivate  as  washing  the 
hands  Ijefore  a  meal.”  He  made  no  attempt  to  determine  the  effect  on  dental 
caries  of  reducing  the  number  of  oral  bacteria. 

Crowley  and  RickerC®  developed  an  interesting  method  of  determining 
the  numbers  of  bacteria  that  can  be  removed  from  the  oral  cavity.  Their 
findings,  based  on  application  of  their  method,  were  that  three  hours 
after  brushing  (twenty-four  counts  made  on  four  subjects)  there  was  an  aver¬ 
age  decrease  on  numbers  of  bacteria  of  12  per  cent.  In  a  fifth  subject  (three 
counts  made)  there  was  an  increase  of  27  per  cent  in  numbers  of  bacteria  re¬ 
moved  three  hours  after  the  original  brushing.  Six  hours  after  brushing 
(twenty- four  counts  made  on  four  subjects)  there  was  an  average  decrease  of 
4  per  cent  from  the  number  removed  at  the  initial  brushing.  In  the  fifth  case, 
there  was  an  increase  of  21  per  cent  above  the  number  removed  at  the  first 
brushing. 

Florestano,  Elliott,  and  Faber^^  made  several  studies  to  test  the  effective¬ 
ness  of  different  materials  in  removing  microorganisms  from  the  oral  cavity. 
They  found  that  brushing  the  teeth  with  water  using  Charters’  vibratory  tech¬ 
nic  for  two  minutes,  reduced  the  culturable  bacteria  that  could  be  collected  by 
46.7  per  cent.  Two  houi-s  later,  however,  the  count  had  risen  268.5  per  cent. 

The  experiments  mentioned  and  others  indicate  that  even  after  thorough 
brushing  of  teeth  there  are  still  uncounted  millions  of  bacteria  remaining  in 
the  oral  cavity  and  that  more  will  appear.  Therefore,  we  must  conclude  that 
toothbrushing,  mouth  rinsing,  detergent  foods,  and  other  mechanical  cleansing 
agents  are  only  partially  successful  in  removing  oral  bacteria,  and  hence,  at 
l>est  could  do  no  more  than  reduce  dental  caries. 

Another  possible  benefit  from  brushing  the  teeth  may  be  that  it  will  make 
them  .smoother  and  prevent  the  collection  of  food  debris  and  bacterial  plaques. 
There  is  no  doubt  that  the  toothbrush  with  a  suitable  polishing  agent  in  a 
dentifrice  will  polish  enamel.  Theoretically  this  should  reduce  dental  caries 
by  reducing  food  retention  and  perhaps  plaque  formation.  Certainly  polish¬ 
ing  teeth  is  esthetic-ally  valuable;  it  increases  the  brilliance  of  one’s  smile.  How¬ 
ever,  even  highly  polishe<i  enamel  is  still  microsc-opically  very  uneven,  affording 
excellent  areas  for  bacteria  to  lodge. 

Statistics  show  that  during  the  past  generation  there  has  been  an  increase 
in  dental  caries  and  in  the  .sale  of  toothbrushes.  One  must  conclude  that  tooth- 
brushing  as  commonly  practiced  is  not  a  good  caries  control  procedure. 
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a.  Mouth  liinse: 

V'alue  of  u  iionniedicuted  mouth  rins<>  as  a  mechanical  clcansinj;  af?ent, 
particularly  following  tiMdhhrushing,  has  l)een  mentioned  hy  several  writers. 
Fosdick®  has  suRRcstcil  it  as  a  simple  and  fairly  unobjectionable  method  of 
cleansinf?  the  mouth  Immediately  after  eatinj?.  Theoretically,  this  should  be 
helpful ;  actually,  no  accurate  fwientific  data  are  available  rejjarding  its  value. 

D.  Ihe  of  Dental  Floss,  Toothpicks  and  Various  Gadgets  Designed  to  Clean 

Interi)roj-imal  S a  rfaces : 

The  same  statement  can  Ihj  made  for  the  use  of  toothpicks,  dental  tape 
or  floss,  and  gadgets  for  interproximal  polishing  of  teeth.  They  should  be  of 
value  in  isolated  instances,  where  food  impaction  wcurs,  but  no  reports  of 
well-controlhsl  studies  are  available,  so  far  as  I  know,  which  would  prove  that 
the  incidence  of  caries  was  reduced  by  their  use. 

E.  Detergent  Food  as  Cleansing  Agents: 

Crowley  and  Uickert  found  that  after  eating  there  was  a  reduction  of  as 
much  as  78  per  cent  in  the  numl)ers  of  bacteria  that  could  be  removed.  This 
finding  was  also  made  by  Kligler,'®  Wallace,”  and  Knighton,**  and  suggests 
that  mastication  of  food  is  the  l)est  way  to  reduce  the  bacterial  count  of  the 
oral  cavity.  In  fact,  Volker'*  has  recently  stated  that  eating  of  fibrous  foods 
after  meals  is  to  be  recommended  as  a  metho<l  of  caries  control.  Howitt.  Flem¬ 
ing,  and  Simonton,*"  how’ever,  fed  an  inmate  of  San  Quentin  Pri.son  several 
diets,  “sticky,”  detergent,  and  li(juid  (by  tube),  and  concluded  that  artificial 
cleansing  with  a  toothbrush  is  many  times  more  effective  in  reducing  the  ab¬ 
solute  numbers  of  mouth  organisms  than  the  supposed  cleansing  accomplished 
by  a  diet  containing  detergent  foods.  However,  the  fact  that  areas  of  teeth 
exposed  to  food  excursion  are  so-called  areas  of  immunity,  suggests  that  me¬ 
chanical  cleansing  by  detergent  foods  has  some  value  in  caries  control. 

In  discussing  mechanical  cleansing  of  the  teeth,  one  should  consider  pos¬ 
sible  harmful  effects  that  might  result.  The  following  should  be  mentioned: 

1.  Removal  of  enamel  cuticle  undoubtedly  results  from  rigorous  cleansing 
of  teeth.  No  one  has  proved  this  to  be  harmful,  however. 

2.  Abrasion  of  enamel  can  occur.  However,  tests  by  many,  including  my¬ 
self,  indicate  that  while  the  common  dentifrices  can  wear  away  cementum  and 
dentin,  they  are  not  abrasive  enough  to  affect  enamel  seriously.  The  actual 
amount  of  enamel  lost  by  toothbnishing  is  pi*obably  not  an  important  factor  in 
dental  caries. 

3.  Mechanical  cleansing  of  the  mouth  carelessly  done  may  result  in  gingival 
recession,  exposing  cementum  which  is  probably  more  susceptible  to  attack  by 
dental  caries  than  enamel  (as  noted  in  “senile  caries”). 

4.  Will  polishing  enamel  remove  or  weaken  the  effects  of  a  fiuoride  applied 
topically?  If  dentists  are  to  continue  to  recommend  topical  applications  of 
fluoride  solutions,  it  is  necessary  to  know  if  mechanical  cleansing  of  the  teeth 
can  interfere  with  its  action  by  removing  or  altering  the  surface  of  enamel.  This 
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setMiis  an  important  (pmstion  am!  althoufrh  it  is  piosunuHl  tliat  topically  applied 
fluoride  reacts  with  tlie  enamel  to  ])ro(luce  a  more  insoluble  chemical  compound, 
no  definite  n'search  data  have  ever  hetm  i>uhlished  to  show  the  actual  depth  to 
which  fluoride  penetrates,  and  reaets  with,  the  enamel.  It  is  important  that 
the  fluorapatite  formed  in  this  mtetion  should  he  of  sufficient  depth  or  hard¬ 
ness  to  prevent  eomplete  removal  hy  protdiylaxis  or  continuous  use  of  a  hiphly 
abrasive  dentifrice. 

A  study  hy  Phillips*  of  the  effect  of  fluorides  upon  the  hardness  of  enamel 
may  he  summarized  as  follows:  Perfectly  flat,  hifjhly  polished  enamel  surfaees 
were  prejm'vd  on  twelve  sound  molar  teeth.  Orifrinal  hardness  measurements 
were  then  made  hy  means  of  the  Tukon  hardness  tester,  and  these  teeth  im¬ 
mersed  in  1  loOO  tin  and  sodium  fluoride  solutions.  Followiiiff  a  five-minute 
immersion  period,  hardne.ss  reatlinfjs  were  a^ain  made.  The  percentage  in- 
erea.se  in  hardness  of  the  enamel  was  9.9  per  cent  with  tin  fluoride  and  7.5  per 
cent  with  sodium  fluoride.  The  teeth  were  then  brushed  for  one  minute  with  a 
slurry  of  medium  grit  laboratory  pumice  hy  means  of  a  motor-driven  Crescent 
brush.  Following  the  ]>umiee  brushing,  hardness  indentations  were  again  made. 
There  is  no  partieular  hardness  ehange  noted  in  the  enamel  surface  following 
this  severe  brushing  treatment.  For  exam|)le,  the  enamel  gained  9.9  per  cent  in 
hanlness  when  immei-sed  in  tin  fluoride  and  still  showed  a  gain  of  8.5  per  cent 
after  the  pumice  brushing.  For  sotlium  fluoride  the  gain  was  still  7.1  per  cent 
after  l)rushing.  (These  figures  represent  an  average  of  at  least  five  readings 
in  each  of  six  individual  teeth.) 

A  further  check  on  the  protective  action  of  the  fluorides  is  to  observe  the 
subsequent  effect  of  organic  acids  on  the  hardness.  Therefore,  these  same  teeth 
which  had  been  treated  with  .sodium  fluoride  and  then  brushed  with  pumice 
were  immersed  /or  five  minutes  in  acetic  acid  (pH^),  after  which  hardness 
measurements  were  taken.  The  final  hardness  was  3.7  per  cent  higher  than 
before  the  use  of  the  fluoride  solution;  the  acid  naturally  had  reduced  the  hard¬ 
ness  somewhat.  However,  teeth  untreated  with  fluoride  and  immersed  for  five 
minutes  in  acetic  acid  showed  an  actual  hardness  loss  of  6.2  per  cent.  This 
experiment  indicates  the  surface  was  still  protected  even  after  one  minute  of 
pumice  brushing,  (’ontact  of  tooth  surface  with  1 :500  tin  fluoride  for  twenty- 
five  minutes  formed  a  layer  of  enamel  hard  enough  or  deep  enough  to  remain 
even  after  four  minutes  of  brushing  with  pumiee.  Further  tests  are  being  made 
on  this  subject. 

It  is  probably  true  that  rigorous  polishing  of  teeth  mechanically  will  not 
materially  reduce  the  effectiveness  of  to])ical  applications  of  fluoride  solutions. 

SLMM.ARY 

There  is  considerable  evidence  in  the  literature  that  mechanical  cleansing 
of  teeth  will  reduce  the  numl)ers  of  bacteria  in  the  mouth  and  on  the  teeth.  Cer¬ 
tainly  frequent  mechanical  cleansing  will  also  reduce  the  volume  of  media  for 
microorganisms  to  utilize.  It  is  probable,  therefore,  that  the  cleaner  the  teeth 
the  less  likely  they  are  to  decay. 
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However,  it  is  apparent  that  the  numbers  of  oral  haeteria  (piiekly  return  to 
a  hi^h  level  soon  after  meehanieal  eleansiiif?,  and  that  it  is  not  possible  to  re¬ 
move  all  oral  baeteria  by  meehanieal  proeedures  alone.  This  coupled  with  the 
farts  that  the  eleansiiif?  must  Ik*  done  thoroujfhly  and  immediately  after  eating 
if  it  is  to  be  effective,  makes  meehanieal  cleansing  of  teeth  of  limited  value  in 
dental  caries  control.  More  cartd'ully  controlled  clinical  research  must  l)e  done 
to  determine  the  effectiveness  of  mechanical  cleansing. 


CONCIrUSIONS 

1.  Widespread  mechanical  cleansing  of  the  teeth  with  detergent  foods,  a 
toothhrush,  a  nonmedicated  mouth  rinse,  can  be  recommended  l)ecau.se  of  its 
esthetic  value,  beneficial  effects  on  gingival  tissue.s,  and  possible  interference 
with  dental  caries.  Routine  mechanical  cleansing  of  teeth  is  apparently  not 
harmful. 

2.  Becau.se  there  is  no  known  way  of  removing  mechanically  all  bacteria 
and  food  debris  from  the  teeth  for  any  length  of  time,  mechanical  cleansing 
of  the  teeth  alone  cannot  be  expected  to  ])revent  caries. 
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DISCUSSION 

DR.  IX)NALD  A.  WALL.\CE. — I  should  like  to  comment  on  one  feature  of  this 
paper,  the  studies  on  removal  of  bacteria  and  other  materials  from  the  mouth.  The  phra.^e 
used  early  in  Dr.  Hine’s  paper  was  “the  number  of  bacteria  in  the  oral  cavity.’’*  The  num¬ 
ber  that  can  be  rinsed  out  or  removed  mechanically  is  sometiim's  taken  as  a  measure  of  the 
number  in  the  oral  cavity.  Actually,  as  Dr.  Hine  made  clear  later  in  his  paper,  we  don’t 
know  how  many  bacteria  there  are  in  the  oral  cavity.  It  is  impossible  to  count  all  of  them, 
or  even  to  remove  all  of  them.  When  an  author  refers  to  the  number  of  the  bacteria  in  the 
oral  cavity,  he  very  generally  means  the  number  he  was  able  to  remove  by  some  arbitrary 
procedure. 


•In  the  final  paper,  Dr.  Hine  corrected  this  phrase  to  conform  to  Dr.  Walhice's  sug- 
ge.stion. — Ed. 
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DR.  HINE. — Actually  nobody  knows  how  many  bacteria  there  are  in  the  mouth,  and  I 
know  of  no  way  to  find  out.  We  can’t  kill  all  of  them,  and  we  must  admit  that  there  are 
always  innumerable  bacteria  left  in  spite  of  any  technic  for  mechanical  cleansing  we  can  use. 

DR.  BASIL  G.  BIBBY. — I  am  a  litle  cynical  on  this  tooth  cleaning  business.  I 
wonder  whether  the  problem  isn’t  that  when  we  clean  our  teeth  we  never  get  our  cleaning 
mechanisms — be  they  patient-applied  or  dentist-applied — into  the  areas  where  caries  really 
originates.  Until  we  can  demonstrate  that  we  can  actually  influence  the  plaque  or  the  tooth 
surface  accumulations  through  the  depths  of  the  fissures  or  interproximal  spaces,  I  don ’t  think 
the  problem  has  too  much  bearing  on  what  we  are  trying  to  answer. 

I  might  mention  two  studies  which  cast  a  little  light  on  the  problem.  One  was  by 
Gavin  in  Winnipeg,  who  had  a  fairly  good  group  of  patients  in  his  private  practice  to  whom 
he  gave  regular  prophylaxis.  He  showed  improved  carious  condition  in  those  patients.  The 
other  was  the  study  by  Hyde,  carried  out  in  Boston  on  the  inductees  in  the  First  Service  Com¬ 
mand  in  which  he  correlated  the  number  of  times  the  patient  cleaned  his  teeth  with  the  amount 
of  dental  caries,  and  got  a  very  nice  correlation.  Those  who  cleaned  their  teeth  once  a  day 
had  less  caries  than  those  who  cleaned  them  twice  a  day,  and  so  on  out,  with  seven  neurotic 
people  who  were  cleaning  their  teeth  five  times  a  day.  The  correlation  was  a  beautiful 
straight  line  correlation:  the  more  tooth  cleaning,  the  more  dental  caries.  However,  we  have 
to  distinguish  between  cause  and  effect;  we  have  to  bear  in  mind  that  the  patients  who  clean 
their  teeth  most  may  be  cleaning  them  most  because  they  are  worried  about  their  teeth,  maybe 
Ijecause  they  have  dental  caries. 

DR.  HINE. — I  believe  that  Dr.  Bibby  agrees  that  we  have  no  scientific  evidence  that 
is  adequate  to  prove  that  toothbrushing  is  a  good  method  of  caries  control.  Certainly  the 
report  by  Gavin  {J.  A.  D.  A.  20:  27,  1933)  should  be  mentioned,  but  he  points  out  that  a 
prophylaxis  given  periodically  has  not  been  proved  a  good  method  to  control  caries. 

Until  someone  can  prove  that  it  is  in  the  least  degree  harmful,  I  shall  continue  to  recom¬ 
mend  that  patients  continue  to  brush  their  teeth  vigorously. 

DR.  JACK  M.  EARLE. — I  believe  Dr.  Hine  mentioned  tin  and  sodium  fluoride  solu¬ 
tions.  Would  he  tell  us  what  concentration  solution  he  used  there? 

DR.  HINE. — One  to  500  solution  of  tin  fluoride  and  1:500  solution  sodium  fluoride 
were  used. 

DR.  F.  D.  OSTRANDER. — Was  there  any  special  reason  why  you  used  tin  fluoride? 

DR.  HINE. — In  the  studies  that  were  made  at  Indiana  and  other  places  tin  fluoride  was 
found  to  be  more  effective  than  sodium  fluoride. 

DR.  PHILIP  E.  BL.\CKERBY. — Will  Dr.  Fosdick  or  Dr.  Stephan  express  their 
views  regarding  the  possible  effects  on  caries  incidence  from  the  use  of  mechanical  agents, 
brushing,  or  irrigation  immediately  after  the  ingestion  of  food? 

DR.  STEPHAN. — Well,  if  one  could  clean  the  teeth  immediately  after  eating,  it  would 
be  best.  Of  course,  it  takes  a  considerable  length  of  time  to  eat  in  the  first  place,  so  that  it 
is  hard  to  see  how  one  could  keep  them  clean  as  he  goes  along  eating  a  meal,  but  if  one  could 
do  it,  I  think,  as  Dr.  Hine  suggested,  the  chances  are  that  it  would  only  be  partially  effective 
in  cleaning  the  different  surfaces  of  the  teeth.  As  to  whether  that  would  really  produce  the 
equivalent  partial  reduction  of  caries,  I  don’t  think  we  have  any  evidence  at  the  present  time. 
Certainly  since  the  areas  that  can  be  cleaned  by  our  regular  prophylactic  methods  are  not  the 
areas  susceptible  to  caries,  as  Dr.  Bibby  pointed  out.  I  would  certainly  reserve  judgment  until 
it  was  actually  shown  with  acceptable  scientific  data  that  such  was  the  case.  So,  it  seems  to 
me  that  the  burden  of  the  proof  would  be  on  anybody  who  wanted  to  establish  that  immediate 
cleaning  was  effective.  It  may  be  so,  but  it  doesn’t  seem  a  practical  method  so  far  as  I  can 
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PR.  EASLICK. — I  think  perhaps  Dr.  Blackerby  had  in  mind  whether  it  would  remove 
enough  of  the  sugar  solution  perhaps  to  prevent  caries. 

DR.  BLACKERBY. — Well,  perhaps  if  we  should  decide  that  we  are  going  to  con¬ 
tinue,  as  Dr.  Hines  suggests,  to  recommend  that  patients  brush  their  teeth,  then  is  there 
an  optimum  time  during  the  day  which  that  should  be  done?  Are  we  justified  in  prescribing 
that  the  patients  use  the  toothbrush,  if  they  are  going  to  use  it,  immediately  after  the  meal,  or 
whenever  possible,  or  is  any  time  of  the  day  effective? 

DR.  STEPHAN. — I  assume  that  neither  is  effective. 

DR.  FOSDICK. — I  can  say  that  I  don’t  know.  However,  I  would  say  also,  from  a 
theoretical  point  of  view,  toothbrushing  should  be  done  immediately  after  eating  for  it  to  do 
any  good.  Now,  of  course,  we  don’t  know  how  much  good  brushing  the  teeth  will  do,  or  how 
clean  it  will  make  a  tooth.  For  instance,  back  about  1938  one  of  our  students  had  a  problem 
of  finding  out  how  much  cleansing  brushing  the  teeth  will  do.  The  method  of  procedure  was 
to  brush  one  tooth  for  one  full  minute  and  then  extract  the  tooth  and  stain  it  to  see  how  much 
“dirt”  remained  on  it.  We  couldn’t  actually  determine  this,  but  on  the  mass  basis  the 
maximum  removed  by  brushing  was  27  per  cent.  Now,  there  is  some  evidence,  I  believe,  to 
indicate  that  flushing  the  mouth  out  with  plain  water  may  be  beneficial.  It  is  not  good  evi¬ 
dence,  but  combined  with  the  theoretical  evidence  it  is  worth  while.  It  may  not  clean  the 
teeth,  but  it  certainly  could  dilute  various  things  that  would  make  it  effective. 

DR.  HINE. — I  doubt  if  we  can  expect  patients  to  brush  their  teeth  adequately  enough 
for  brushing  to  be  a  method  of  caries  control.  If  a  person  takes  a  bite  of  candy  the  figures, 
that  were  shown  yesterday  and  previously,  indicate  that  there  is  an  appreciable  amount  of 
acid  produced  within  a  very  few  minutes.  Assuming  for  a  moment  that  it  would  be  pos¬ 
sible  to  cleanse  every  interproximal  surface  completely,  it  would  have  to  be  done  so  quickly 
that  it  is  not  practical.  For  instance,  the  average  meal  takes  longer  than  ten  minutes  to  eat, 
and  if  a  person  takes  a  bite  of  fermentable  carbohydrate,  the  reaction  starts  on  the  enamel 
before  the  patient  finishes  the  last  cup  of  coffee.  I  believe  we  must  admit  it  is  not  a  prac¬ 
tical  method  of  preventing  dental  caries.  I  do  believe,  however,  that  if  patients  brush  their 
teeth  after  every  meal,  they  will  remove  considerable  debris  that  might,  from  a  quantitative 
point  of  view,  allow  decalcification  to  continue  longer;  a  mass  of  food  might  allow  acid  to 
continue  to  form  for  several  hours.  In  a  patient  who  is  not  particularly  suf»ceptible  to  dental 
caries,  with  only  a  few  acidogenic  organisms,  it  may  be  that  it  would  take  several  hours  for 
the  acid  to  be  produced  in  quantities  sufficient  to  allow  a  mass  decalcification  of  tooth  struc¬ 
ture  and  cause  caries.  So,  at  the  present  time  the  only  statement  that  we  can  make  is  that 
theoretically  it  sounds  plausible  to  remove  the  media  from  bacteria  and  as  many  of  the  bacteria 
as  possible  from  tooth  surfaces.  We  should  do  this  as  soon  as  feasible,  and  hope  that  a  re¬ 
duction  of  dental  caries  will  result. 

DR.  BLACKERBY. — What  is  the  optimum  time  for  brushing  the  teeth? 

DR.  HINE. — I  think  the  toothbrushing  can  well  be  done  at  least  before  retiring  and 
upon  rising.  For  certain  patients  that  need  it,  it  should  be  done  after  meals. 

DR.  R.  W.  BUNTING. — I  have  been  very  much  interested  in  this  discussion,  but  there 
are  one  or  two  basic  facts  that  I  think  should  not  be  overlooked.  We  have  been  disappointed 
in  the  fact  that  we  couldn’t  control  dental  caries  with  the  toothbrush,  but  I  think  that  most 
of  us  will  admit  that  we  know  of  many  very  dirty  mouths  that  have  no  caries,  and  of  many  ap¬ 
parently  clean  mouths  that  do  have  caries  in  abundance.  When  caries  occurs  in  the  dirty  mouth 
isn’t  it  more  likely  to  be  rampant,  widespread,  and  involve  more  areas  of  the  teeth,  while 
in  the  clean  mouth  it  is  more  discrete,  and  much  less  extensive?  So  can  we  not  say  that  al¬ 
though  cleanliness  of  the  mouth  in  general  does  not  determine  whether  or  not  caries  shall 
occur,  it  does  influence  the  degree  of  caries  activity?  Now,  one  point  that  has  not  been  raised 
is  significant  in  my  opinion.  There  is  one  type  of  caries  that  is  positively  amenable  to  cleans¬ 
ing  with  a  toothbrush,  and  that  is  the  typical  cervical  caries  which  can  be  stopped  by  proper 
toothbrushing.  It  is  the  only  kind  of  caries  that  can  be  thus  controlled,  in  my  opinion. 
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DK.  HINE. — Dr.  Bunting’s  points  are  good.  It  has  been  suggested  that  perhaps  we 
are  not  wise  in  considering  dental  caries  as  always  the  same  process,  but  should  begin  to 
evaluate  it  more  critically.  We  all  have  noted  that  certain  mouths  are  attacked  by  inter- 
proximal  caries,  other  patients  have,  gingival  caries  as  the  prominent  type,  and  of  course 
many  patients  have  both  types.  It  is  perhaps  not  quite  scientific  to  group  all  of  these  dif¬ 
ferent  types  of  dental  caries  under  the  same  general  heading  as  though  they  were  identical. 

I  believe  that  we  can  agree  very  definitely  with  Dr.  Bunting  that  gingival  caries  appears  in 
mouths  where  there  is  a  great  collection  of  debris  around  the  mouth;  whether  that  can  be 
controlled  by  careful  brushing  or  not  has  not  yet  l)een  scientifically  approved.  Dr.  Bunting 
states  that  it  is  his  opinion — and  I  imagine  that  it  is  the  opinion  of  most  of  the  clinicians  in 
the  room — that  brushing  the  teeth  in  a  certain  way  a  certain  number  of  minutes  for  a  certain 
time  reduces  certain  types  of  caries  a  certain  amount.  At  present  we  don’t  have  the  facts, 
as  far  as  I  know,  with  which  to  give  specific  facts  regarding  caries  reduction  by  the  use  of  a 
toothbrush. 

DR.  BENJAMIN  M.  MEDOF. — The  doctor  spoke  in  the  brushing  of  the  teeth  about 
the  possibility  of  injuring  the  delicate  Nasmyth’s  membrane.  Now,  how  long  after  the  tooth 
eruption  does  the  membrane  stay  on  the  tooth,  and  if  it  does  stay  on  the  tooth,  does  it  prob¬ 
ably  have  any  effect  on  the  control  of  caries? 

DR.  HINE. — I  would  just  as  soon  pass  that  question  on  to  an  histologist.  Apparently 
it  can  be  worn  away  rather  easily,  and  probably  is  not  a  factor  in  caries  whether  present  or 
not.  It  is  probably  gone  from  most  of  the  areas  of  the  mouth  that  can  be  brushed.  Actually, 
we  have  no  facts  with  which  to  answer  your  question. 

DR.  S.AMUEL  W.  CHASE. — I  think  Dr.  Hine  answered  his  question  on  the  enamel 
cuticle  very  nicely.  It  is  a  transitory  thing,  and  doesn’t  have  much  to  do  with  a  tooth  that 
had  been  erupted  for  any  time. 

DR.  THOMAS  J.  HILL. — I  should  like  to  support  Dr.  Hine’s  contention  that  we  should 
go  on  advocating  the  brushing  of  teeth,  and  I  should  like  to  refer  to  the  old  experiment 
w’hich  was  conducted  in  Cleveland  at  the  Marion  School  where  they  took  a  couple  of  different 
classes  back  in  ’12  or  ’14  and  in  a  class,  or  one  group  of  children  in  this  .school,  had  tooth- 
brushing  drills  every  day  over  a  fairly  long  period  of  time.  Some  fifteen  or  twenty  years  later 
Dr.  Harry  Wilson  went  out  and  collected  all  of  these  former  students  that  he  could  to  see 
whether  there  had  been  any  evidence  that  value  had  been  received  from  the  brushing  of  the 
teeth.  They  found  that  during  this  fifteen  or  twenty  years  the  incidence  of  caries  in  these 
two  groups  of  people  had  been  identical,  but  there  was  one  outstanding  difference,  and  that 
was  that  the  children  who  were  in  the  class  that  had  been  taught  to  brush  their  teeth  had 
very  much  better  teeth  because  they  had  become  mouth  conscious  and  had  had  fillings  and 
various  other  dental  work  done,  so  that  their  teeth  were  in  far  better  condition.  So,  I  think 
that  there  is  perhaps  a  psychological  aspeid  to  this  also.  Brushing  of  the  teeth  should  be  ad¬ 
vocated. 

Dr.  Hine  has  told  us  that  there  are  niany  very  dirty  mouths  that  do  not  have  significant 
dental  caries.  I  think  it  has  been  pretty  well  established  that  the  difference  in  the  plaques 
that  occur  in  those  mouths  is  that  those  plaques  are  primarily  proteolytic  organisms  rather 
than  aciduric  organisms.  Advo<*ates  of  the  Gottlieb  theory  should  explain  why  this  increased 
number  of  proteolytic  bacteria  in  these  plaques  decreases  the  incidence  of  caries  rather  than 
increases  them. 

DR.  HARRY  STRUSSER. — Has  the  effectiveness  of  hand  polishing  with  the  porte- 
polisher  been  compared  to  the  rubber  cup  in  mechanical  cleansing? 

DR.  HINE. — We  have  no  good  evidence  that  proves  that  the  hand-polished  tooth  is  less 
susceptible  to  caries  than  the  one  that  is  polished  in  the  routine  way.  One  can  admit  im¬ 
mediately  that  a  tooth  hand-polished  by  an  expert  will  be  smoother  and  cleaner  than  one  pol¬ 
ished  in  a  superficial  manner  by  a  rubber  cup.  Therefore,  from  a  theoretical  point  of  view,  the 
hand-polished  tooth  should  be  less  likely  to  decay.  I  hope  that  the  time  will  come  when  some 
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goo<l  clinician  will  be  able  to  remove  the  word  “theoretic”  from  my  statement.  We  don’t 
know  whether  the  hand  polishing  can  be  done  often  enough  and  thoroughly  enough  to  be  ef¬ 
fective.  We  can  only  state  that  we  will  admit  it  will  be  smoother  and  cleaner  for  a  short 
time  at  least,  and  have  to  let  it  go  there. 

1)K.  JOHN  W.  KNUTtSON. — I  would  like  to  have  Dr.  Hine  elal)orate  on  the  last  con¬ 
clusion,  considering  time  spent  in  hand  polishing  and  mechanical  polishing.  Are  they  the  same, 
or  as  I  would  expect,  is  perhaps  five  or  ten  minutes  spent  in  mechanical  polisliing  and  perhaps 
a  half  hour  in  hand  polishing? 

I)K.  HINE. — My  comments  were  directeil  toward  hand  polishing  a  tooth  by  a  dentist 
using  a  porte-polisher  very  carefully  and  very  tediously,  polishing  every  surface  of  the  teeth, 
including  areas  where  a  revolving  brush  or  revolving  cup  could  not  reach.  As  far  as  the 
patient  brushing  teeth,  how  long  does  it  take  a  patient  to  brush  his  teeth  in  order  to  clean 
them  adequately?  In  some  mouths  it  can  be  done  in  perhaps  ninety  seconds,  in  other  mouths, 
where  there  is  a  malocclusion,  pathologic  po<*kets,  we  want  the  j)atient  to  spend  from  three 
to  five  minutes  brushing  the  teeth.  I  know  of  a  few  very  fastidious  patients  who  spend  ten 
minutes  in  the  morning  and  ten  minutes  at  night  brushing  their  teeth.  It  is  all  a  matter  of 
degree,  because  even  after  ten  minutes  of  careful  brushing,  there  will  be  certain  areas  of  the 
mouth  that  will  still  not  be  thoroughly  cleansed.  From  a  practical  point  of  view  everyone  in 
this  room  probably  should  spend  from  two  to  four  minutes  and  then  he  can  say,  “Well,  I 
have  done  about  as  well  as  could  be  expected.”  Does  that  answer  your  question  satisfac¬ 
torily? 

DR.  KNUTSON. — Not  quite.  I  was  referring  to  the  polishing  by  the  dentist,  or  the 
dental  hygienist  in  the  office.  I  understoo<l  your  statement  to  say  that  the  hand  polishing, 
porte  polishing,  was  much  more  effective  than  the  mechanical  polishing  by  a  rubber  cup. 
Now  in  your  conclusion  did  you  takeffinto  account  the  difference  in  the  time  involved? 

DR.  HINE. — No,  sir.  I  think  that  the  hand  polishing  will  be  accepted  by  most  as  being 
the  most  effective  for  interproximal  areas  and  root  surfaces,  particularly  in  pockets.  I  believe 
at  the  same  time  that  the  average  clinician  will  not  feel  justified  in  spending  the  time  in¬ 
volved  to  do  that.  Assuming  the  rubber  cup  would  be,  shall  we  say,  7.5  per  cent  effective,  the 
other  25  per  cent  would  take  an  extra  twenty  or  thirty  minutes  with  hand  polishing. 

DR.  BIBBY. — One  point  might  be  added ;  Dr.  Brudevold  has  been  exposing  a  standanl 
window  on  a  tooth  surface  and  then  .submerging  the  tooth  in  acid,  analyzing  the  tooth  from  the 
amount  of  tooth  sub.stances  lost.  Taking  this  in  successive  immersions  in  acid  he  finds  that 
in  the  first  exposure  to  acid  the  solubility  is  considerably  less  than  in  all  sub.sequent  exposures 
to  acid.  If,  however,  he  does  clean  the  tooth  surface  with  an  ordinary  prophylaidic  pro«'edure, 
using  a  brush  and  pumice,  then  his  initial  exposure  to  acid  has  the  same  solubility  as  in  the 
deeper  surfaces  of  the  enamel,  suggesting  that  by  that  pns'edure  of  polishing  one  can  remove 
what  seems  to  be  an  external  and  very  thin  layer  of  added  resistance  to  acid  on  the  outside 
of  the  tooth. 

DR.  ROBINSON. — Do  you  infer  by  that,  that  some  enamel  is  removed  or  d<H>s  [tolish- 
ing  remove  some  sort  of  a  cuticular  structure? 

DR.  BIBBY. — I  don’t  know.  I  have  a  suspicion  we  should  regard  the  change  from 
the  enamel  plaque  into  an  inorganic  enamel  not  as  a  sharp  boundary,  but  as  a  transition  in 
which  one  finds  progressive  amounts  of  inorganic  material  by  proceeding  toward  the  enamel; 
it  takes  a  harder  cleaning  to  get  this  outside  surface  off.  So,  I  assume  it  is  something  at 
least  partly  calcifie<l.  It  is,  however,  a  very  thin  layer.  Getting  back  to  Dr.  Hine’s  ex|>eri- 
ments  with  fluoride,  we  find  that  the  first  immersion  in  acid  apparently  era.ses  the  fluoride 
effect,  which  is  a  little  different  result  from  what  he  obtained. 

DR.  ALLEN  O.  GRUEBBEL. — I  should  like  to  ask  Dr.  Bibby  a  question  based  on  what 
he  just  .«aid.  Might  a  thorough  cleansing  of  the  tooth  therefore  encourag'*  a  carious  lesion? 


234 


UNIVERSITY  OF  MICHIGAN 


J.  D.  Res. 
April,  1948 


DR.  BIBBY. — I  have  no  personal  knowledge  of  that,  but  there  are  two  reports  in  the 
literature  of  people  who  went  through  life  caries-immune  to  the  age  of  forty  or  so,  went  to 
their  dentist,  got  a  real  polish,  and  from  then  on  were  highly  caries  susceptible. 

DR.  EASLICK. — If  you  people  will  please  come  to  order,  I  can  promise  you  a  treat 
in  the  last  speaker  of  the  symposium  this  morning. 

The  next  speaker,  I  suspect,  will  discuss  both  the  caries  process  and  some  of  the  con¬ 
trols  on  which  he  has  been  pursuing  research.  It  was  rather  interesting  in  last  night’s 
newspaper  to  note  that  the  thing  that  was  most  intriguing  about  this  conference  was  the 
fact  that  the  dentists  were  going  to  discuss  chewing  gum  and  vitamin  K.  At  least,  that  was 
the  publicity  in  the  Ann  Arbor  Daily  News.  Having  heard  the  next  speaker  quite  recently 
at  Northwestern  University  where  he  presented  this  subject  of  dental  caries  most  lucidly,  I 
can  promise  you  a  very  informative  forty-five  minutes.  Dr.  Fosdick  is  professor  of  chemistry 
at  the  School  of  Dentistry  at  Northwestern  University,  and  he  has  been  assigned  the  subject 
by  the  committee  “The  Degradation  of  Sugars  in  the  Mouth  and  the  Use  of  Chewing  Gum 
and  Vitamin  K  in  the  Control  of  Dental  Caries.  ”  It  is  certainly  a  pleasure,  Dr.  Fosdick,  to 
have  you  repay  my  visit  to  Northwe.stern. 


THE  DEGRADATION  OF  SUGARS  IN  THE  MOUTH  AND  THE  USE 
OF  CHEWING  GUM  AND  VITAMIN  K  IN  THE  CONTROL 
OF  DENTAL  CARIES 

Leonard  S.  Fosdick,  Ph.D.,  School  of  Dentistry,  Northwestern 
University,  Chicago,  III. 

Although  there  is  a  widespread  belief  that  chewing  gum  is  of  prime  im¬ 
portance  as  an  etiological  factor  in  dental  caries,  there  is  very  little  factual 
evidence  to  substantiate  this  belief.  It  has  been  found  by  many  investigators 
that  the  laetobaeillus  count  of  individuals  under  dietary  control  cannot  be  sub¬ 
stantially  reduced  unless  the  chewing  of  gum  is  eliminated  from  their  daily 
routine.  Thus,  individuals  who  are  otherwise  prohibited  from  ingesting  carbo¬ 
hydrates  show  little  or  no  improvement  unless  they  abstain  from  chewing  gum. 
On  the  other  hand,  there  are  several  factors  which  should  influence  the  effect  of 
chewing  gum  which  have  not  as  yet  been  publicized. 

Chewing  gum  consists  primarily  of  gum  base,  flavors,  and  fermentable 
sugars.  Insofar  as  the  material  is  approximately  60  per  cent  sugar,  one  would 
normally  expect  that  the  sugar  in  the  gum  would  be  easily  available  for  the 
bacterial  substrate. 

In  1942  it  was  shown  that  2-methyl-l,  4-naphthoquinone  was  an  excellent 
enzyme  inhibitor  for  some  of  the  enzymes  involved  in  the  anaerobic  degradation 
of  carbohydrates  to  lactic  acid,^  and  hence,  if  present  in  the  mouth  with  the 
carbohydrate,  it  should  prevent  the  formation  of  lactic  acid.  This  substance 
was  used  in  an  experiment  based  upon  a  modem  theorj"  of  the  etiology  of  dental 
caries.^ 

Although  the  paucity  of  material  concerning  the  use  of  enzyme  inhibitors 
and  concerning  the  use  of  chewing  gum  in  the  control  of  dental  caries  makes  it 
hazardous  to  predict  the  true  effects,  there  is  an  abundance  of  theoretical  evi¬ 
dence  which  would  indicate  certain  effects.  Furthermore,  insofar  as  experi¬ 
mental  evidence  has  partially  substantiated  most  of  the  concepts  proposed  by 
the  theory,  it  is  practical  to  theorize  on  the  probable  effects  of  other  enzyme 
inhibitors  and  on  the  effects  of  chewing  gum. 

In  1936*  it  was  suggested  that  the  mechanism  whereby  acids  are  formed 
in  the  mouth  from  carbohydrate  material  was  identical  to  the  anaerobic  degrada¬ 
tion  of  carbohydrate  in  muscle  tissue.  Furthemiore,  it  was  subsequently 
show'n**^  that  bacterial  metabolism  involved  the  same  types  of  reaction.  In 
view'  of  the  foregoing,  it  was  not  surprising  that  the  intermediate  products  of 
anaerobic  degradation  of  glucose®  were  isolated  from  fermenting  saliva  glucose 
mixtures  with  no  extraneous  bacteria  present.  It  was  also  found  at  this  time 
that  a  predominant  difference  between  saliva  from  caries-free  individuals  and 
caries-active  individuals  w’as  the  rate  at  which  these  acids  would  form.®  The 
actual  rate  of  acid  formation  in  the  mouth  was  not  determined  until  later  when 
Stephan*®  demonstrated  that  the  reactions  were  extremely  fast  and  analogous 
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to  that  which  occui's  in  muscle  tissue  during  the  anaerobic  phase  of  carbohydrate 
metabolism.  It  was  found  that  when  sugar  is  placed  in  caries-susceptible  areas 
in  the  mouth,  it  is  immediately  degraded  to  lactic  acid  and  other  acids  and  that 
if  the  area  be  isolated  from  the  neutralizing  effects  of  saliva,  pll  values  as  low 
as  4  can  be  obtained  in  as  short  a  time  as  three  minutes."  Furthermore, 
it  was  shown  that  the  speed  with  which  acids  are  formed  in  isolated  areas  in  the 
mouth  varies  from  individual  to  individual,  and  also  varies  within  the  same 
mouth.  In  immune  individuals  the  ])rcKluction  of  acid  was  extremely  slow.  In 
carious  lesions,  the  inter]n-oximal  spaces  and  pits  and  fissures  of  susceptible 
individuals,  the  i)rocess  was  extremely  fast. 

It  has  been  shown  by  many  investigatoi-s  that  under  ordinary  conditions 
the  saliva  is  a  highly  bufifered  mixture  which  will  neutralize  relatively  large 
quantities  of  acids.  Furthermore,  the  acid  neutralizing  power  of  the  saliva  is 
dei)endent  to  a  large  extent  on  the  diet  and  the  state  of  nutrition  of  the  indi¬ 
vidual."’  "  From  a  chemical  point  of  view,  the  foregoing  immediately  suggests 
that  there  is  a  competition  going  on  in  the  mouth  between  the  rate  at  which 
acids  are  formed  and  the  rate  at  which  they  are  neutralized.  Thus,  if  acids 
are  formed  rapidly  from  ingested  carbohydrates,  they  may  or  may  not  attack 
the  teeth,  depending  upon  the  rate  at  which  they  are  neutralized.  If  they  are 
neutralized  before  sufficient  time  has  elapsed  for  di.ssolution  of  the  teeth  to  take 
place,  then  a  carious  lesion  will  not  develop.  On  the  other  hand,  if  they  are 
not  neutralized  or  only  slowly  neutralized,  then  a  carious  lesion  will  form. 
Thus,  whether  or  not  a  substance  will  affect  the  caries  process  will  depend  on 
the  action  of  (1)  the  rate  of  the  acid  formation,  and  (2)  the  rate  of  acid  neu¬ 
tralization.*  (Fig.  1). 

In  order  for  acids  to  form  it  is  necessary  to  have  present  in  the  mouth  a 
substrate  in  the  fonn  of  a  fermentable  carbohydrate  or  something  that  is  rapidly 
converted  to  fermentable  carbohydrate.  It  is  also  neces.sary  to  have  the  proper 
enzyme  system  present.  If  either  one  is  lacking,  then  acids  do  not  form. 

In  order  to  have  the.se  acids  neutralized,  it  is  necessary  to  have  a  copious, 
never-ending  flow  of  highly  buffered  saliva  to  all  portions  of  the  mouth  in  which 
acids  are  forming.  The  rate  of  neutralization,  thei’cfore,  depends  upon  a  tre¬ 
mendous  number  of  variables. 

If  we  assume  a  mouth  with  ideal  occlusion,  no  pits  and  fissures,  and  no 
bacterial  plaques,  then  the  rate  of  neutralization  will  depend  upon  the  rate  of 
flow  of  stimulated  saliva  and  the  buffering  capacity  of  the  saliva.  Unfortunately, 
there  is  a  large  difference  betwwm  the  mechanical  cleansing  ability  of  the  dif- 
feivnt  mouths.  Poor  contacts,  mal<K*clusion,  ])its  and  fis.sures,  dental  plaques, 
and  dental  api)liances  all  contribute  to  imiu’ding  the  normal  flow  of  saliva 
throughout  the  spaces  of  the  mouth.  Thus,  it  is  po.s.sible  that  even  though  an 
individual  may  have  a  copious  flow  of  .stimulated  saliva,  other  local  factors  con¬ 
sisting  of  mechanical  impediments  may  defeat  this  copious  flow  of  saliva  and 
cause  areas  which  the  saliva  cannot  readily  reach.  All  of  these  variables  con- 
ti  ibute  a  definite  measure  to  caries  activity  or  caries  susceptibility.  We  are  un¬ 
informed,  i>articidarly  alKmt  all  of  the  characteristics  and  the  role  of  the  bac¬ 
terial  placpie. 
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With  these  factors  in  mind,  in  order  to  evaluate  any  process  of  caries  con¬ 
trol,  it  is  only  necessaiy  to  detennine  how  the  ccnti-ol  measure  woidd  fit  into 
the  scheme  of  events  that  take  place  duriii"  caries  prixluction. 

From  a  theoretical  point  of  view,  any  inhibitor  that  would  block  any  one 
of  the  twelve  reactions  involved  in  the  degradation  of  fennentahle  carlx)hydrates 
to  lactic  acid  should  prevent  the  formation  of  lactic  acid,  the  only  requisite  l)e- 
ing  that  the  enzyme  inhibitor  must  Ire  present  in  the  mouth  where  the  acids 
are  forming  concurrently  with  the  substrate  or  fermentable  sugar.  From  a 
theoretical  point  of  view,  if  the  enzyme  inhibitor  is  present  in  sufficient  concen¬ 
tration  to  stop  the  acid  formation,  then  no  caries  could  result.  The  difficulties 
in  obtaining  this  condition  are  obvious.  No  known  enzyme  iidiihitor,  with  the 


kik.  1. 


exception  of  the  fluoride  ion,  can  he  maintained  in  susceptible  aivas  of  the 
mouth  for  any  appreciable  length  of  time.  For  tlris  reastrn,  any  enzyme  in¬ 
hibitor  that  will  not  maintain  a  concentration  in  the  mouth  for  appreciable 
periods  of  time  must  he  placed  there  along  with  the  ingested  carlH)hydrates  or 
shortly  thereafter.  Furthermore,  the  enzyme  inhibitor  must  Ih‘  sufficiently  non¬ 
toxic  so  that  when  it  is  absorbed  into  the  bliKHl  stmun  it  will  not  inhibit  the 
same  type  of  reactions  which  are  so  neces.sary  for  the  ct»nvei'si«»n  of  carbo¬ 
hydrates  to  energy.  Whether  or  not  the  enzyme  inhibitor  placed  in  the  nunith 
would  be  effective  would  depend  entirtdy  on  whether  or  not  it  ivaches  all  the 
susceptible  areas  of  the  mouth  in  sufficient  concentration  to  inhibit  acid  forma- 
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tion.  Fortunately,  this  concentration  is  usually  verj-  small.  It  is  not  neces¬ 
sary  to  stop  acid  formation  in  most  mouths,  as  most  areas  of  the  mouth  are 
almost  in  equilibrium,  naturally.  It  is  only  necessar}'  to  slow  the  rate  of  acid 
formation  to  the  point  that  the  natural  neutralizing  influences  in  the  mouth 
become  effective.  In  1942  it  was  found  that  2-methyl-l,  4-naphthoquinone  was 
a  very  effective  enzyme  inhibitor  in  concentrations  of  one  mg.  per  100  c.c.  of 
saliva.  The  problem  of  placing  the  enzyme  inhibitor  in  the  mouth  at  the  proper 
time  was  of  major  importance.  This  could  be  done  by  means  of  a  mouthwash, 
a  dentifrice,  or  by  some  other  vehicle  such  as  chewing  gum.  Insofar  as  it  is 
necessarj'  to  have  it  present  a  short  interval  of  time  after  each  meal  or  ingestion 
of  food  during  which  time  the  maximum  acidity  would  normally  be  produced,  it 
was  decided  that  chewing  gum  would  be  the  natural  vehicle  insofar  as  it  is 
much  easier  to  carry  around  and  use  than  either  a  dentifrice  or  a  mouthwash. 
In  addition,  it  was  decided  that  insofar  as  chewing  gum  contained  60  per  cent 
sugar,  there  would  always  be  an  adequate  supply  of  substrate  for  the  enzyme 
system  to  produce  acids,  provided  acids  Avere  capable  of  being  produced. 

On  this  basis  an  experiment  was  done  to  determine  the  effect  of  vitamin  K 
on  caries  activity  when  used  in  a  chewing  gum.^*  Each  individual  was  in¬ 
structed  to  chew  one  pellet  of  gum  immediately  after  each  meal  or  ingestion 
of  food.  Before  and  after  the  experiment  highly  accurate  mouth  examinations 
were  made  and  chemical  and  bacteriological  tests  for  susceptibility  were  per¬ 
formed.  There  was  a  very  accurate  selection  of  patients.  Each  test  patient 
presented  a  minimum  of  twelve  caries-free  interproximal  spaces  and  had  a  plus 
three  or  four  susceptibility,  according  to  both  the  bacteriological  tests  and  the 
chemical  test.  These  individuals  would  be  expected  to  produce  a  maximum 
of  carious  lesions  so  that  any  differences  could  be  judged  as  significant  differ¬ 
ences.  The  control  group  consisted  of  either  immune  persons,  those  who  did 
not  have  a  sufficient  number  of  caries-free  interproximal  spaces,  or  those  who 
did  not  wdsh  to  participate  in  the  experiment.  It  w'as  found  that  the  ex¬ 
perimental  group  produced  60  to  90  per  cent  few’er  carious  lesions  than  did 
similar  control  patients.  The  control  group  that  consumed  chewing  gum  pro¬ 
duced  approximately  one-half  this  amount  of  caries.  Unfortunately,  the  con¬ 
trol  chewing  gum  contained  calcium  carbonate,  wiiich  from  a  theoretical  point 
of  view  should  cause  a  neutralization  of  acids  as  fast  as  they  are  formed. 

On  the  basis  of  the  foregoing  a  theoretical  explanation  of  why  enzyme  in¬ 
hibitors  should  inhibit  caries  has  been  described.  An  enzyme  inhibitor  that 
j)roduees  no  other  complications  has  been  tested  and  found  to  substantiate  the 
theory.  On  this  basis  it  must  be  assumed  that  any  enzyme  inhibitor  that  acts 
on  the  anaerobic  carbohydrate  degradation  scheme  should  w'ork  equally  as  w'ell 
in  some  type  of  chewing  gum  on  caries  activity. 

From  a  theoretical  point  of  view',  normal  prewar  chewing  gum  contained 
60  per  cent  sugar,  and  hence  furnished  an  excellent  substrate  for  the  action  of 
the  enzyme  system.  If  no  other  complications  were  present,  it  could  be  assumed 
that  chewing  gum  should  increase  the  caries  activity  of  the  individual.  How¬ 
ever,  the  rate  of  acid  production  is  not  the  only  factor  involved.  The  chewing 
of  gum  w'ill  produce  in  most  cases  a  copious  supply  of  saliva  and  the  act  of 
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chewing  will  force  this  saliva  into  all  the  occluded  spaces  of  the  mouth.  Thus, 
if  the  chewing  of  gum  were  uncomplicated  by  the  presence  of  sugar,  the  act  of 
chewing  should  inhibit  caries  by  increasing  the  rate  of  neutralization  of  acids. 
In  view  of  this,  it  is  clear  that  chewing  gum  simply  accelerates  the  rate  of  acid 
production  and  the  rate  of  neutralization.  If  the  final  result  shows  that  acid 
is  formed  more  rapidly,  and  not  neutralized  more  rapidly  than  without  the 
chewing  gum,  more  caries  should  be  expected.  If  the  reverse  is  true,  less  caries 
should  be  expected,  and  if  there  is  no  appreciable  change  from  the  normal, 
chewing  gum  should  have  no  effect.  From  actual  measurement  of  acid  pro¬ 
duction  in  the  mouth,  chewing  gum  has  less  effect  than  sugars  alone,  but  no 
controlled  clinical  experiments  have  been  done  on  prewar  gum.  When  it  was 
found  that  calcium  carbonate  in  chewing  gum  actually  decreased  the  caries 
activity  of  a  group  of  individuals,  most  gum  manufacturers  placed  calcium 
carbonate  in  their  respective  products.  Thus,  approximately  98' per  cent  of  all 
the  gum  on  the  market  today  contains  calcium  carbonate  and  should  be  harm¬ 
less  and  actually  beneficial  to  most  individuals.  However,  it  is  the  opinion  of 
the  author,  based  upon  some  cursory  experiments,  that  even  with  the  calcium 
carbonate  present,  certain  cases  of  rampant  caries  are  in  no  way  benefited,  and 
may  be  harmed,  by  the  chewing  of  gum,  particularly  those  cases  in  which  no 
stimulation  of  saliva  is  possible.  This  condition  may  be  brought  about  by  an 
atrophy  of  the  salivary  glands  or  by  constant  stimulation,  such  as  is  observed 
with  those  individuals  who  are  classified  as  “chain  chewers.” 

SUMMARY 

On  the  basis  of  theoretical  considerations,  prewar  gum  should  increase 
caries  activity  in  some  individuals,  have  no  effect  on  others,  and  be  beneficial 
to  some,  if  not  used  in  excess.  Postwar  gum  should  be  beneficial  to  many  but 
under  certain  conditions  may  be  harmful.  In  any  case,  gum  would  be  less 
harmful  than  sugar  in  other  forms. 

On  the  basis  of  theoretical  considerations  and  actual  experiments,  vitamin 
K  shows  promise  of  controlling  caries.  More  evidence  is  needed  before  either 
gum  or  vitamin  K  should  be  recommended  to  the  general  public  as  a  control 
measure. 
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DISCCS.SION 

DR.  E,\SLICK. — Thanks  very  much,  Dr.  Fosdick.  Dr.  Fosdick 's  presentation  is  open 
for  di.scussion,  and  the  hand  up  here  is  Dr.  .Armstrong’s. 

DR.  WALL.ACE  1).  ARMSTRONG. — Well,  1  am  sure  Dr.  Fosdick  knows  what  I  am 
going  to  .say.  I  am  rising  on  a  point  of  .semantics,  and  in  no  way  to  offer  criticism  or  ob¬ 
jection  to  the  rationale  in  the  use  of  enzyn  e  inhibitor  of  the  nature  of  a  quinone.  Vitamin 
K,  I  think,  is  a  word  which  should  be  restricted  to  those  substances  which  promote  the  forma¬ 
tion  of  prothrombin,  and  should  al.so  Ih»  restricted  to  those  substances  in  their  natural  oc¬ 
currences.  There  are  two  vitamin  K’s,  vitamin  K,  and  Kj,  one  pro<lucetI  in  plants  and  one  by 
bacteria.  Now,  it  happens  that  there  are  substances  which  show  vitamin  K  activity.  Actually 
2-methyl-l,  4-naphthoquinone  on  a  molecular  basis  has  a  higher  vitamin  K  activity  than 
do  the  naturally  o<'curring  substances.  These  properties  which  Fosdick  and  his  co-workers 
di.'icovered,  which  show  that  2-inethyl-l,  4-naphthoquinone  is  an  anti-bacteria  substance,  inso¬ 
far  as  it  interferes  with  the  production  of  acids  in  saliva,  has  a  very  real  effect  but  it  is  an 
effe<-t  which  is  in  no  way  related  to  the  vitamin  K  activity  of  2-methyl-l,  4-naphthoquinone. 
-\s  a  matter  of  fact,  there  is  another  quinone  which  has  even  greater  anti-bacteria  effect  than 
2-methyl-l,  4-naphthoquin»»ne,  or  at  least  as  good,  and  that  is  2,6-dimethyl-benzoquinone, 
which  has  no  vitamin  K  activity  at  ail.  I  suggest  that  it  would  be  better  for  the 

public  interest,  which  is  so  great  in  regard  to  vitamins,  since  this  has  not  a  vitamin  effect  at 

all  that  simply  the  word  “quinone”  be  used  in  this  des<-ription. 

DR.  P'OSDICK. — Dr.  .Armstrong,  I  heartily  agree  with  everything  you  say.  Perhaps  if 
I  explain  why  we  investigated  the  problem  it  would  explain  how  we  happened  to  call  the 
quinone  “vitamin  K. ”  We  had  what  I  thought  was  an  excellent  idea.  Insofar  as  most 
bacteria  stop  the  carbohydrate  degradation  cycle  with  lactic  acid,  or  something  similar,  and 
«lo  not  go  through  the  dicarboxylic  acid  cycle,  we  thought  it  would  l)e  well  to  boost  the  lactic 
acid  over  the  hump,  and  thus  cause  the  lactic  acid  to  Ih*  converted  to  carbon  dioxide  and 
water.  There  was  an  excellent  theoretical  scheme,  but  it  didn ’t  work.  We  tried  several  things 
like  thiamine  and  niacin,  and  various  other  vitamins  to  see  if  we  coubln’t  cause  the 
reaction  to  pro<-ee<l,  but  most  of  the  vitamins,  such  as  thiamine  and  niacin,  seemed  to  stimulate  / 

lactic  acid  pnxluction.  This  is  not  surprising  now  that  we  know  more  about  it.  The  other 

vitamins  di<l  not  have  much  effts-t  on  the  retretion  except  perhaps  the  one  known  as  Cerophyl,  a 
mixture  of  various  vitamins.  In  order  to  save  our  work  we  simply  trie«l  all  the  vitamins  and 
published  a  pa|)er  on  the  effect  of  vitamins  on  acid  formation.  We  studied  all  the  vitamins, 
and  among  them  was  vitamin  K.  At  that  time  menadione  was  called  vitamin  K.  Without 
knowing  the  exact  mechanism  we  published  under  the  title,  “The  Effect  of  2-methyl-l, 
4-naphthoquinone  or  vitamin  K.  ”  Insofar  as  it  was  in  a  paper  concerning  all  the  vitamins, 
one  naturally  ass<M-iate<l  it  with  the  vitamin,  but  later  on  it  was  definitely  found  that  the  action 
has  absolutely  no  conne<‘tion  with  its  vitamin  activity.  Hince  we  published  the  article  per¬ 
haps  fifty  or  sixty  compounds  have  l)een  found  which  have  equal  activity  as  far  as  inhibition 
of  acid  formation  is  concerne<l.  Does  that  explain  the  situation? 


DR.  ARMSTRONG.— Yes,  sir. 
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DR.  EA8LICK. — Having  lieard  Dr.  Armstrong’s  discussion  and  Dr.  Eosdick’s  reply,  I 
hojK'  that  you  health  educators  will  refer  to  quinones  in  the  future,  and  not  vitamin  K. 

DR.  DONALD  A.  WALLACE. — Just  another  point  on  nomenclature.  Wouldn't  a  better 
name  for  this  .substance  be  menadione  sorlium  bisulfite?  I.sn’t  that  what  you  used? 

DR.  FOHDICK. — Yes,  but  it  wa.sn’t  accepted  at  the  time  under  that  name. 

DR.  WALLACE. — No,  I  understand,  and  I  wonder  if  you  would  care  to  comment  on 
the  possible  effect  of  the  bisulfite  portion  of  the  molecule  in  inhibiting  acid  formation? 

DR.  FOSDICK. — I  didn’t  quite  understand  your  question. 

•  DR.  WALLACE. — I  don’t  recall  the  reference,  but  sometime  between  the  time  of  the 
paper  on  this  chewing  gum  was  published  and  now,  there  was  a  rep*>rt  in  the  literature*  to 
the  effect  that  sodium  bisulfite  would  inhibit  acid  formation  also.  It  was  used,  I  think,  in 
considerably  higher  concentration  than  in  the  chewing  gum. 

DR.  FOSDICK. — We  tested  the  effe<*t  of  soilium  bisulfite  as  an  a<dd  inhibitor  and  found 
it  was  absolutely  uneffective  in  concentrations  that  <-ould  be  used  practically. 


'  Tcksd.ay,  Sf.ptember  9 

Afternoon  Session 

(Kellogg  Institute  Auditorium) 

DR.  EASLICK. — This  afternoon’s  activity  is  100  per  cent  audience  participation 
because  the  evaluating  committees  are  about  to  swing  into  action.  I  have  called  you  together 
for  a  few  minutes  as  a  group  here  in  the  Auditorium  of  the  Kellogg  Institute  in  order  to 
present  a  few  instructions  which  the  Planning  Committee  for  this  Conference  thought  would 
be  helpful. 

I  regret  that  not  all  of  you  have  been  assigned  to  the  evaluating  group  of  your  first 
choice.  Such  an  a.ssignment  was  impossible  bei*ause  two  of  the  committees  were  just  too 
popular.  I  hope  that  you  will  accept  your  a.ssignments  graciously  and  work  just  as  hard  as  if 
they  were  your  initial  .selections.  If  any  of  you  have  failetl  to  note  down  your  committee,  you 
may  che<*k  your  assignment  at  the  table  in  the  upper  lobby. 

GROUP  LEADERS 

In  order  that  work  might  start  faster,  group  leaders  have  been  selected  in  advance.  I 
appreciate  most  sincerely  their  willingness  to  serve.  One  of  the  early  pieces  of  business  will 
be  the  selection  of  a  secretary. 

I  am  going  to  read  the  names  of  the  leaders  and  ask  each  one  to  ri.se  as  his  name  is  read 
.so  that  everyone  can  get  a  good  look  at  his  group’s  Simon  Legree: 

Committee  I  (The  Mechanism  of  the  Caries  Pnu'ess) — Dr.  George  W.  Teuscher,  Profes¬ 
sor  of  Pedodontics,  Northwestern  University,  Chicago. 

Committee  II  (Relationship  of  Systemic  Di.sease  to  Dental  Caries) — Dr.  Ruth  Martin, 
Professor  of  Dental  Pediatrics,  Washington  University,  St.  I.rf>uis. 

Committee  III  (Effectiveness  of  Tooth  Brushing,  Gum  Chewing,  Dentifrices,  and 
Mouthwashes  in  Control  of  Caries) — Dr.  Floyd  D.  Ostrander,  Asscadate  Professor  of  Dentistry 
(in  Therapeutics),  University  of  Michigan. 

Committee  IV  (Utilization  of  Fluorides  and  Silver  Salts  in  Control  of  Caries) — Dr. 
Albert  L.  Russell,  Director,  Division  of  Dental  Health,  State  Department  of  Health,  Pierre, 
South  Dakota. 

Committee  V  (Relationship  of  Vitamin  and  Mineral  Ingestion  to  Control  of  Caries)  — 
Dr.  Philip  Blackerby,  Jr.,  Director,  Dental  Division,  W.  K.  Kellogg  Foundation,  Battle  (^reek, 
Mich. 

♦Dreizen  S.,  Mann.  .\.  W.,  Spies.  T.  D..  Carson.  U.  C.,  anti  Cline.  J.  K..  J.  IK  Kes.  ‘J#: 
93.  1947. 
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Committee  VI  (Contribution  of  the  Type  of  Diet  to  Caries  Control) — Dr.  J.  M.  Wisan, 
Chief,  Division  of  Dental  Health,  State  Department  of  Health,  Trenton,  N.  J. 


CONSULTANTS 

At  this  time  I  should  like  to  announce  also  the  consultants  for  each  group.  As  you 
will  note,  they  come  largely  from  our  guest  faculty. 


I 

II 

III 

IV 

V 

VI 

Chase 

Mrs.  Harter 

Hall 

Arnold 

Armstrong 

Becks 

Miss  Crowley  Kerr 

Fosdick  Robinson 

Stephan 

Miss  Tramp 

Williams 

Hill 

Hine 

Kesel 

Wallace 

Bibby 

Knutson 

Zander 

Beeuw’kes 

Jay 

Miss  Johnson 
Steams 

These  people  are  assigned  as  resource  people  to  help  you  in  obtaining  information,  in  raising 
pertinent  questions,  or  in  checking  the  reliability  of  information. 

GROUP  ACTIVITY 

As  I  stated  yesterday,  and  as  I  feel,  most  sincerely,  the  success»or  failure  of  this  Con¬ 
ference  will  depend  on  your  activity  in  the  various  groups.  I  should  like  to  call  a  few  signals, 
therefore,  which  the  Planning  Committee  thought  would  help  make  these  afternoon  sessions 
productive. 

In  addition  to  the  selection  of  a  chairman  by  our  Committee  and  the  selection  of  a 
group  secretary  by  you,  some  other  aids  have  been  arranged.  As  you  now  know,  a  series  of 
questions  will  be  provided  for  each  one  of  you  which,  it  would  seem,  should  be  answered  be¬ 
fore  the  writing  of  conclusions  can  be  attempted.  Each  of  you  also  will  be  given  copies  of  the 
references  used  by  the  speakers  in  your  particular  areas. 

The  initial  activity  for  each  group,  after  locating  its  meeting  room,  will  be  organiza¬ 
tion.  Your  chairman  will  call  the  roll,  see  that  everyone  is  thoroughly  introduced  and  prop¬ 
erly  “tagged,”  and  distribute  the  materials  with  which  you  will  work.  Probably  the  next 
bit  of  business  will  be  the  selection  of  a  secretary.  Then,  according  to  the  program,  you  will 
go  over  the  questions  in  your  specific  area,  discuss  them  thoroughly,  and  finally,  note  down 
any  additional  questions  which  you  agree  may  have  to  be  answered  in  order  to  write  conclu¬ 
sions.  At  the  conclusion  of  this  discussion  your  leader  will  assign  each  one  of  you  a  group 
of  references  to  examine  critically  and  appraise  carefully  to  see  if  the  conclusions  are  war¬ 
ranted  by  the  evidence.  At  the  discretion  of  the  chairman  he  then  will  alternate  discussion 
and  study  periods  throughout  the  balance  of  the  week  until  the  most  scientific  answer  that 
the  available  data  permit  has  been  found  for  each  question.  By  Saturday  morning  the  answers 
to  the  various  questions  will  be  converted  into  brief  conclusions  that  will  be  presented  to  the 
entire  group  for  discussion,  acceptance,  or  adoption.  You  will  be  expected  to  defend  your 
conclusions. 

When  Dr.  Hall  is  badly  needed  by  your  group  or  you  wish  to  use  some  other  group’s 
consultant  or  you  wish  to  see  me  for  more  precise  directions,  a  message  should  be  sent  to  the 
table  in  the  lobby.  Someone  will  serve  constantly  each  afternoon  as  a  messenger.  When  you 
nee<l  references  you  should  go  directly  to  the  Library  and  sign  out  with  an  assistant  the 
journal  or  volume  which  you  require.  Many  other  references  on  dental  caries  will  be  found 
available  there. 

Here  my  instructions  end.  Will  each  chairman  come  to  me  and  get  the  materials  for  his 
group!  Will  each  consultant  and  student  go  directly  to  his  study  room! 


2:00  (Seminar  Rooms,  Kellogg  Institute) 

5:00  Organization  of  Individual  Committees  and  Determination  of  Questions  That 
Have  to  Be  Answered  in  Order  to  Evaluate  the  Present  Status  of  the  Caries 
Control  Measures  Assigned  to  Each  Committee. 


(Meeting  adjourned  until  9:00  a.m.,  September  10,  1947.) 
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Wednesday,  September  10 
Morning  Session 

(Auditorium,  School  of  Public  Health) 

DR.  EASLICK. — Now  that  the  evaluating  committees  have  been  organized  and  have 
begun  to  function  I  anticipate  that  there  may  be  a  more  lively  discussion  from  the  floor; 
so  it  may  be  a  bit  more  difficult  for  the  speakers  hereafter.  If  I  remember  the  program 
correctly,  twenty-minute  discussion  periods  are  scheduled  this  morning  following  each  lecture. 
And  I  anticipate  that  they  will  be  used. 

This  morning  we  are  scheduled  to  proceed  further  with  the  evaluation  of  caries-control 
technics.  The  first  speaker  comes  from  the  School  of  Dentistry  of  the  University  of  Illinois  in 
Chicago  where  he  serves  as  Professor  of  Applied  Materia  Medica  and  Therapeutics.  He  is 
Dr.  Robert  O.  Kesel,  and  I  can  promise  you  that  during  the  next  forty-five  minutes  you  will 
hear  a  very  fine  discussion  of  “The  Effectiveness  of  Dentifrices,  Mouthwashes  and  Ammonia- 
Urea  Compounds  in  the  Control  of  Dental  Caries.”  And  I  say  that  I  can  promise  you  be¬ 
cause  I  also  heard  him  talk  this  past  June  at  the  University  of  Northwestern  Conference  for 
Children’s  Dentists,  and  he  did  a  beautiful  job.  It  is  a  pleasure  to  have  you  repay  my  visit 
to  Chicago,  Dr.  Kesel. 


THK  KFFKCTIVENESS  OF  DENTIFRICES,  MOUTHWASHES,  AND 
AMMONIA-UREA  COMPOUNDS  IN  THE  CONTROL  OF 
DENTAL  CARIES 

Robert  O.  Kesel,  Sch(M)l  of  Dentistry,  University  of  Illinois, 

Chicago,  III. 

Until  recently  I  have  been  skeptical  of  the  iwssibility  of  a  dentifrice  or  a 
inouthrinse  influeiieinfr  sifsnificantly,  for  any  prolonged  period  of  time,  the  oral 
bacterial  flora,  and  skeptical  also  of  its  ability  to  reduce  caries  activity  in  any 
significant  amount.  There  are  a  number  of  factors  that  operate  against  the 
effective  use  of  such  prejiarations;  for  instance,  salivary  dilution.  When  a 
dentifrice  or  mouthrinse  is  taken  into  the  mouth  its  effectiveness  would  seem 
to  be  only  momentary  because  of  the  rapid  dilution  from  .saliva,  partieularly 
when  mo.st  of  the.se  agents  contain  flavoring  oils  which  tend  to  stimulate  salivary 
flow.  Then  there  is  another  limiting  factor:  that  of  penetration.  Can  the 
active  ingredient  in  the  dentifrice  or  the  mouthrinse  reach  the  vulnerable  areas 
on  the  surface  of  the  teeth  where  decay  is  actually  occurring? 

Muntz  and  MilleF  have  reported  on  the  impermeability  of  plaque  material. 
By  a  clever  device,  they  homogenized  bacterial  plaques  that  had  been  scraped 
off  teeth.  They  put  this  homogenized  suspension  in  fine  capillary  tubes,  and  by 
centrifuging  the  material  they  were  able  to  lay  down  plaques  of  varjdng  thick¬ 
ness  in  the  bottom  of  these  tubes.  Then  they  exposed  these  plaques  to  various 
anti-carious  agents  to  determine  what  the  permeability  of  the  plaque  material 
would  be,  and  they  found  evidence  that  even  .such  diffusible  things  as  urea 
and  glucose  did  not  readily  penetrate  this  artificially  precipitated  plaque 
material. 

Another  factor  that  operates  against  the  effective  use  of  a  dentifrice  or 
mouthrinse  is  the  fact  that  many  of  the  active  ingredients  employed  are  in¬ 
activated  or  are  rendered  less  effective  by  organic  material,  and  we  know  that 
there  is  abundant  organic  material,  microscopically  speaking,  and  that  the  in¬ 
gredients  must  penetrate  if  they  are  going  to  be  effective. 

Still  another  limiting  factor,  and  a  very  real  one,  I  think,  is  the  neces.sity  for 
patient  cooperation.  Not  many  ])eople  brush  their  teeth.  However,  if  we  could 
produce  satisfactory  ami  conclusive  evidence  that  tooth  brushing  or  mouth 
rinsing  is  effective  in  reducing  caries  activity,  I  think  that  a  much  larger  number 
of  people  could  Ik*  stimulated  into  using  the  toothbrush  or  a  mouthrinse.  Before 
this  state  can  be  obtained  more  conclusive  evidence  must  be  secured. 

A  review  of  the  literature  regarding  the  effectiveness  of  a  medicated  mouth¬ 
rinse  reveals  that  a  study  was  made  a  few  years  ago  at  Johns  Hopkins  University* 
in  which  mouths  were  rinst*d  with  1,(K)0  c.c.  of  water.  The  1,0(M)  c.c.  were  divided 
into  25  c.c.  jiortion.s,  ami  these  were  u.sed  con.secutively  for  forty  rinsings.  Bac¬ 
terial  counts  were  made  of  the  first,  the  fourth,  the  twentieth,  and  the  fortieth 
rinsing.  The  number  of  bacteria  that  were  removed  from  the  mouth  by  tap 
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water  was  found  to  be  reduced  in  the  consecutive  rinsings.  There  was  an 
average  colony  count  of  2,700,000  in  the  first  rinsing,  and  in  the  fortieth  rinsing 
there  were  still  over  a  million  bacteria  present.  While  there  was  a  reduction,  it 
seems  that  the  supply  of  bacteria  in  the  oral  cavity  is  almost  inexhau.stible. 

The  experimenters  observed  that  during  the  day  there  is  a  marked  increase 
in  the  number  of  bacteria  in  the  mouth  if  the  individual  fasts.  They  found  that 
if  a  subject  rinsed  his  mouth  at  9:00  o’clock  in  the  morning  and  a  bacterial 
count  was  made  of  that  rinsing,  and  then  if  counts  were  made  of  hourly  rinsings 
throughout  the  day,  at  the  end  of  seven  hours  there  was  an  inci-ease  of  about 
300  per  cent  in  the  number  of  bacteria  that  could  be  removed  from  the  mouth 
I)rovided  that  no  food  was  eaten  or  the  teeth  brushed.  They  admit  that  these 
counts  are  not  necessarily  an  indication  of  what  is  left  in  the  mouth,  but  they 
feel  that  the  results  are  acceptable  evidence  of  ti'cmendous  increase  in  tlie  num¬ 
ber  of  bacteria  that  can  be  removed,  and  that  they  are  indicative  of  an  increase 
in  the  number  of  bacteria  left  in  the  oral  cavity. 

They  termed  this  increase  the  diurnal  tide  of  bacteria,  and  they  used  it  to 
test  the  effectiveness  of  various  mouthrin.ses  and  dentifrices.  The  control 
rinsing  was  taken  at  9:00  a.m.  and  immediately  afterward  the  individual  would 
rinse  his  mouth  with  the  test  material.  Rinsings  were  collected  for  culture  at 
hourly  intervals  throughout  the  day  to  determine  the  increase  in  the  bacterial 
l>opulation.  The  results  obtained  with  various  agents  were  compared.  Only  one 
of  the  germicidal  agents  used  (hexyl resorcinol)  prevented  the  diurnal  tide.  I 
don’t  believe  this  study  has  ever  been  confirmed;  in  fact,  other  experi¬ 
ments  have  been  performed  that  raise  doubt  about  the  effectiveness  of 
hexyl  resorcinol  in  controlling  the  oral  bacterial  population  for  any  long  period 
of  time. 

Another  study  concerned  with  the  use  of  a  medicated  rinse  was  imported  in 
1934  by  Grove  and  Grove.®  They  claimed  that  rinsing  the  mouth  with  a  very 
weak  ammonium  hydroxide  solution  had  a  cleansing  effect  on  the  tet*th  and  also 
a  reducing  influence  on  caries  activity. 

More  recently  Ilanke  and  his  co-workere*  in  Chicago  have  claimed  effective¬ 
ness  for  an  organic  mercurial  solution  known  as  Solution  58.  They  tested  a 
number  of  salts  of  heavy  metals  to  determine  what  their  effect  might  l)e,  par¬ 
ticularly  on  what  they  called  the  phupie-forming  organisms.  A  fungicide  was 
sought  which  would  kill  the  filamentous  bacteria  that  constitute  the  basis  for  the 
placjue,  that  would  lift  these  phupies  from  the  tooth  surface,  or  at  least  mluce 
the  placjue  thickness.  The  study  reports  that  mouths  treated  with  Solution  58 
showed  decided  improvement  in  cleanliness,  tuul  also  that  the  solution  markedly 
reduced  fermentation.  I  don’t  believe  that  there  has  lu'en  confirmation  of  their 
findings  as  yet.  The  (pie.stion  of  jms-sible  toxicity  of  the  mercury  in  the  manner 
used  has  not  been  answered  to  the  sjitisfaction  t)f  all. 

A  few  years  ago  theit*  was  an  experiment  conducted  by  Waeh,  O’Donnell, 
and  nine,®  in  which  they  used  urea  and  (piinine  to  determine  what  the  effect 
might  be  on  the  oral  flora  and  the  rate  of  fermentation  by  saliva.  The  rationale 
iH'hind  the  combination  of  the.st*  materials  is  that  quinine  is  not  only  an  anti¬ 
bacterial  agent,  but  also  an  antien/yme.  It  is  sometimes  u.st‘d  in  hot  climates 
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to  prevent  the  souring  of  milk.  Quinine  operates  more  eflfeetively  in  an  alkaline 
environment.  The  urea  was  included  primarily  to  provide  alkalinity  so  that  the 
quinine  Avould  have  its  optimal  antibacterial  and  antienzymatic  effect.  A  group 
of  dental  students  used  this  mouthrinse  for  fourteen  days,  and  an  appreciable 
reduction  in  the  number  of  aciduric  bacteria  in  their  oral  cavities  was  obtained. 
However,  no  way  was  found  to  mask  the  bitter  taste  of  the  quinine,  and  so  I 
doubt  very  much  that  the  practical  use  of  a  solution  with  quinine  in  it  could  be 
widely  effective  in  caries  control  because  of  this  lack  of  palatability. 

Coming  to  our  own  recent  studies,®  we  have  been  particularly  interested  in 
those  individuals  who  have  no  dental  caries  and  no  lactobacilli  in  their  saliva, 
and  yet  consume  the  usual  amount  of  carbohydrate  foodstuffs  in  their  diets.  We 
wondered  why  those  individuals  could  be  that  way.  In  reviewing  the  literature, 
we  found  an  experiment  that  Bunting^  had  conducted  a  number  of  years  ago. 
He  had  caries-immune  individuals  rinse  their  mouths  with  acidophilous  milk, 
and  he  found  a  rapid  disappearance  of  lactobacilli  from  their  oral  environment. 
We  had  a  few  dental  students  associated  with  us  who  could  be  classed  as  so- 
called  caries-immune.  We  had  them  rinse  their  mouths  with  acidophilous  milk 
that  we  had  prepared  bj'  inoculating  sterilized  milk  with  an  oral  strain  of 
lactobacilli  and  incubating  it  for  twenty-four  houre.  The  mouths  of  the  caries- 
resistant  individuals  were  rinsed  with  this  milk  containing  heavy  suspensions  of 
lactobacilli.  Saliva  cultures  were  made  at  hourly  intervals  to  see  what  would 
happen  to  these  organisms,  and  it  was  found  that  they  began  to  disappear  almost 
immediately.  At  the  end  of  nine  to  twelve  hours  they  would  be  eliminated  from 
the  oral  cavities  of  these  individuals. 

We  were  aware  also  of  the  work  of  Clough®  in  which  he  cut  wells  in  agar 
plates,  the  agar  having  been  previously  seeded  with  lactobacilli.  Caries-immune 
saliva  was  placed  in  these  holes  and  upon  incubation  a  zone  of  inhibition  was 
found  around  these  wells.  This  result  demonstrated  that  there  is  some  anti¬ 
bacterial  factor  for  lactobacilli  in  caries-resistant  saliva,  (^lough  found  that  this 
material  was  in  the  supernatant  portion  of  centrifuged  saliva.  It  was  not  in  the 
sediment. 

Hill®  reported  in  1939  that  when  caries-immune  saliva  was  inoculated  with 
lactobacilli  and  incubated  for  twenty-four  hours,  these  organisms  w'ere  destroyed 
despite  the  addition  of  glucose  to  the  caries-immune  saliva.  We  repeated  his 
work  and  obtained  the  same  result.  We  found,  however,  as  he  did,  that  if  too 
many  lactobacilli  were  added  to  the  caries-resistant  saliva  the  inhibiting  factor 
was  overcome.  We  discovered  more  or  less  by  accident  that  if  this  caries- 
resistant  saliva  were  allowed  to  stagnate  in  the  incubator  for  a  few  days  the  in¬ 
hibiting  factor  would  be  considerably  increased.  We  learned  this  by  incubating 
saliva  at  body  temperature  for  varying  periods  up  to  two  weeks.  At  the  end  of 
the  selected  incubation  period  the  stagnated  saliva  was  passed  through  a  Seitz 
filter  to  obtain  a  clear,  colorless  filtrate.  To  that  filtrate  we  added  saliva  that 
had  been  freshly  collected  from  a  caries-active  individual,  saliva  that  we  knew 
contained  large  numbers  of  lactobacilli.  Glucose  was  added  to  the  mixture  to 
enhance  the  growth  of  these  organisms.  One-tenth  of  a  cubic  centimeter  of  the 
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combination  was  spread  over  the  surface  of  a  tomato  agar  plate  to  provide  a 
re<‘ord  of  the  number  of  lactobacilli  present  in  that  mixture  at  the  beginning. 
Then  the  mixture  was  incubated  for  seventy-two  horn's.  At  the  end  of  twenty- 
four,  forty-eight,  and  seventy-two  hours’  incubation,  subcultures  were  again 
made  on  tomato  agar. 

The  lactobacilli  that  were  in  the  caries-active  saliva  disappeared  after 
twenty-four  hours’  contact  with  saliva  (collected  from  a  caries-immune  in¬ 
dividual)  which  had  stagnated  for  one  week.  We  l)egan  to  suspect  that  what¬ 
ever  the  inhibiting  factor,  it  was  the  result  of  bacterial  activity  because  we  found 
that  the  inhibiting  ability  increased  steadily  up  to  eight  days  during  an  incuba¬ 
tion  period.  Beyond  eight  days  there  seemed  to  be  no  significant  increase. 
If  this  inhibition  was  due  to  bacterial  activity,  then  by  placing  immune  saliva  in 
culture  medium  to  stimulate  bacterial  activity  we  should  be  able  to  increase  the 
inhibiting  factor.  And  we  did.  We  inoculated  immune  saliva  into  beef  broth, 
incubated  it  for  a  week’s  time,  and  then  cheeked  the  filtrates  of  such  cultures 
against  caries-active  salivas.  We  found  that  such  treatment  definitely  in¬ 
creased  the  ability  of  the  eulture  filtrates  to  destroy  lactobacilli.  We  wondered 
what  species  of  bacteria  were  growing  in  cultures  of  saliva  that  produced  an  in¬ 
hibiting  action  on  lactobacilli.  We  decided  to  subculture  the  cultures  of  immune 
saliva  at  daily  intervals  up  to  one  week  to  see  which  species  occurred  consistently 
and  if  in  pure  culture  they  elaborated  an  inhibiting  factor.  One  hundred  five 
different  bacterial  species  grew  with  sufficient  consistency  in  cultures  of  immune 
saliva  to  lead  us  to  believe  that  they  might  be  responsible  for  the  inhibitory 
action.  These  types  were  grown  in  pure  cultures,  passed  through  filters,  and 
their  filtrates  tested  against  lactobacilli.  As  long  as  lactobacilli  were  the  organ¬ 
isms  in  whose  inhibition  we  were  particularly  interested,  we  decided  to  use 
pure  cultures  of  them  in  the  inhibitory  tests  rather  than  use  the  varying  num¬ 
bers  of  lactobacilli  that  occur  in  freshly  collected  samples  of  caries-active  saliva. 
We  obtained  from  the  American  Type  Culture  Collection  at  Georgetown  Univer¬ 
sity  the  Hadley  strain  of  lactobacilli.  A  twenty-four-hour  culture  of  it  was 
placed  in  the  culture  filtrate  prepared  from  immune  saliva  so  that  it  would 
be  in  a  dilution  of  one  part  lactobacillus  culture  to  100  parts  of  filtrate.  We 
arbitrarily  set  up  the  standard  that  if  the  filtrate  contained  a  strong  amount 
of  the  inhibiting  principle  it  would  destroy  lactobacilli  during  twenty-four 
hours’  contact.  If  the  inhibiting  substance  was  only  weakly  present  it  would 
permit  some  growth  of  lactobacilli  after  twenty-four  hours’  contact,  but  would 
have  destroyed  all  the  lactobacilli  after  seventy -two  hours’  contact.  Filtrates 
that  did  not  contain  the  inhibiting  substance  w’ould  permit  the  abundant  growth 
of  lactobacilli  during  seventy-two  hours’  contact.  This  was  the  standard  for 
our  test  of  the  inhibiting  potency  of  the  filtrates  obtained  from  these  105  different 
organisms.  Only  one  of  the  105  caused  the  inhibition  of  lactobacilli;  that  was 
Bacterium  aerogenes,  one  of  the  coliform  types  of  bacteria.  We  grew  this  organ¬ 
ism  in  combination  with  other  organisms  we  had  obtained  from  caries-immune 
saliva  to  determine  if  it  might  have  a  symbiotic-synergistic  effect.  We  found  a 
gram-positive,  chain-forming  bacillus  (that  we  have  not  been  able  to  identify) 
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which  would  not  iiihil)it  lactohaeilli  by  itself,  but  which  in  combination  with 
/>.  aeroffenes  definitely  increased  the  ability  of  B.  nerogenes  to  destroy  laeto- 
bacilli. 

Then  we  performed  a  series  of  experiments  to  see  whether  or  not  this 
inhibitory  factor  mi»ht  be  antibiotic  like  penicillin.  If  it  were,  it  should  be 
effective  in  high  dilutions  because,  as  you  know,  penicillin  can  be  diluted  many 
times  and.  still  be  effective.  We  found  that  if  a  filtrate  that  was  definitely 
inhibitory  was  diluted  with  an  equal  volume  of  beef  broth  it  bejtan  to  lose  its 
inhibitiiifr  jmwer.  If  it  was  diluted  with  two  volumes  of  broth  the  inhibition  was 
])ractically  ftone,  and  if  diluted  with  three,  the  organisms  "rew  as  well  as  they 
did  in  the  control  of  j;l uco.se  beef  broth. 

Faced  with  these  results,  we  decided  to  determine  if  we  could  increase  the 
inhibiting  potency  by  concentrating  these  filtrates  through  evaporation.  The 
evaporations  were  done,  some  in  vacuum  at  room  temperature  and  some  in  a 
hot  oven.  We  concentrated  these  inhibiting  filtrates,  some  to  50  per  cent  of 
their  original  volume,  some  to  75  per  cent,  and  some  to  dryness,  and  then  resus- 
l)endcd  the  residue  in  beef  broth  at  40  per  cent  of  the  original  volume.  We 
found  to  our  suri)ri.se  that  the  inhibiting  factor  was  lost  in  direct  proportion  to 
the  amount  of  evaporation.  Thus  the  filtrates  evaporated  to  dryness  completely 
lost  their  inhibiting  i)roperties.  It  became  clear  that  the  inhibiting  substance 
was  volatile  and  was  being  removed  in  the  distillate. 

We  began  to  analyze  the  distillate  and  we  soon  found  that  always  in  those 
filtiates  that  had  the  inhibiting  factor,  ammonia  nitrogen  was  detectable,  and 
that  the  amount  of  ammonia  nitrogen  was  proportionate  to  the  degree  of  inhibi¬ 
tion  that  filtrate  would  exert  on  lactohaeilli. 

Next,  to  check  on  the  i)ossible  importance  of  ammonia  we  added  various 
ammonium  salts  directly  to  the  culture  medium  and  w’e  found  that  these  salts 
would  do  the  same  thing  as  the  ammonia  produced  naturally  in  the  culture  of 
saliva.  However,  we  found  that  acid  salts  of  ammonia  would  not  inhibit.  This 
observation  was  similar  to  one  made  by  Grove  and  Grove’  a  number  of  years  ago. 
They  had  observed  that  the  basic  salts  of  ammonia  seemed  to  have  a  beneficial 
effect  on  the  oral  cavity,  whereas  the  acid  salts  did  not.  We  found  that  am¬ 
monium  carbonate  was  the  most  effective  of  all  of  the  ammonium  salts  in  in¬ 
hibiting  lactohaeilli. 

The  ob.servation  about  the  alkaline  salts  raised  the  question  of  whether  the 
ammonia  was  the  inhibiting  factor  or  whether  it  was  the  alkalinity  that  the 
ammonium  salt  gave  to  the  medium.  To  answer  this  que.stion,  we  prepared 
two  solutions,  each  one  of  them  having  the  same  hydrogen-ion  concentration 
(one  of  ammonium  acetate  and  one  of  sodium  acetate).  We  added  lactohaeilli  in 
varying  dilutions  to  thest*  two  types  of  alkaline  solutions,  and  we  found  that  the 
ammonium  salts  would  definitely  inhibit  the  growth  of  the  organisms,  whereas 
two  and  three  times  the  concentration  of  sodium  acetate  had  no  effect  whatso¬ 
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With  this  information  we  then  proceeded  to  a  clinical  study  of  the  possible 
effectiveness  of  ammonia  in  a  dentifrice  and  of  a  mouthrinse  on  the  oral 
bacterial  population.  We  experimented  with  a  number  of  different  ammonium 
salts.  We  wanted  to  use  ammonium  carbonate  because  in  vitro  we  knew  that 
it  was  the  most  effective,  but  we  didn’t  think  it  was  satisfactorj^  for  a  dentifrice 
because  it  is  unstable,  it  has  an  ammoniacal  odor  and  taste,  and  produces  slight 
burning  when  it  is  used  in  the  concentration  we  desired.  We  decided  upon 
dibasic  ammonium  phosphate  because  it  was  shown  to  have  an  inhibiting  effect 
and  it  doesn’t  have  the  marked  ammoniacal  taste  and  odor  that  the  ammonium 
carbonate  has. 

We  knew  of  the  work  that  Howe*®  did  several  years  ago  when  he  showed  that 
low  concentrations  of  phosphates,  including  ammonium  phosphate,  had  a  stimu¬ 
lating  effect  on  bacterial  growth,  including  lactobacilli.  Therefore,  we  had  to 
use  diammonium  phosphate  in  sufficient  concentration  to  be  inhibitory  and  not 
stimulating.  That  is  why  we  set  up  as  the  active  ingredient  in  our  first  formula, 
5  per  cent  dibasic  ammonium  phosphate. 

A  group  of  fifty-five  individuals  who  had  very  active  dental  caries  .was 
selected.  They  had  had,  with  a  few  exceptions,  at  least  ten  cavities  filled  in  the 
two  years  prior  to  the  study  and  had  lactobacilli  counts  of  50,000  or  more  per 
cubic  centimeter  of  saliva  on  four  successive  days  prior  to  the  use  of  the 
dentifrice.  Ten  of  these  fifty-five  were  used  as  controls ;  they  used  a  dentifrice 
that  had  the  identical  composition  of  the  experimental  dentifrice  except  that 
the  dibasic  ammonia  was  omitted.  The  lactobacilli  counts  for  the  control  group 
before  and  after  five  months’  use  of  the  dentifrice  was  given  in  Table  I. 


Tabi,e  I 

Control  Group:  Effects  on  Lactobacilli  Counts  of  Five  Months’  Clinical  Usage  of 
Mouthrinse  and  Dentifrice  Containing  No  Ammonia 


subject 

1  A  1 

B 

1 

249,000 

234,000 

2 

810,000 

870,000 

3 

200,000 

155,000 

4 

73,000 

121,500 

5 

110,000 

128,500 

6 

485,000 

365,000 

7 

200,000 

412,000 

8 

550,000 

330  000 

9 

400,000 

415,000 

10 

295,000 

325,000 

There  was  no  appreciable,  no  significant  change  in  the  number  of  lacto¬ 
bacilli. 

Table  II  shows  the  lactobacilli  counts  for  the  forty-five  who  used  the  dibasic 
ammonium  phosphate.  Column  A  gives  the  counts  at  the  beginning  of  the  experi¬ 
ment,  Column  B  the  counts  after  five  months,  and  Column  C  the  counts  at  the 
end  of  one  year.  During  the  year  we  lost  several  of  these  subjects,  so  that  we 
completed  the  year  with  thirty-three  of  the  original  group  of  forty-five.  Thirteen 
had  their  lactobacilli  count  reduced  to  zero.  The  others  continued  to  show 
lactobacilli  surviving  although  at  reduced  levels. 
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Table  II 

Test  Groi'p:  Effects  on  IjActobacilm  Counts  of  Five  Months’  Clinical  Usage  of  a 
Mouthrinse  ani>  Dentifrice  Containing  Ammonia 


SUBJECT 

1  A 

1  B 

1 

c 

11 

698,000 

40,000 

No  growth 

12 

450,000 

523,000 

U 

202,000 

75,000 

14 

410,000 

81,000 

1,500 

15 

561,000 

No  growth 

2,500 

16 

509,000 

74,000 

12,500 

17 

1,400,000 

58,500 

18 

148,000 

42,000 

19 

1,500,000 

19,000 

110,000 

20 

338,000 

140,000 

21 

562,000 

110,000 

18,000 

22 

150,000 

10,000 

28 

51,000 

1,200 

No  growth 

24 

269,000 

16,500 

No  growth 

25 

675,000 

No  growth 

3,000 

26 

375,000 

42,000 

27 

260,000 

30,000 

28 

1,450,000 

160,000 

30,000 

29 

610,000 

33,500 

No  growth 

.80 

300,000 

1,000 

5,000 

31 

165,000 

40,000 

32 

470,000 

30,000 

No  growth 

33 

900,000 

145,000 

15,500 

34 

540,500 

70,000 

No  growth 

35 

1,250,000 

°  16,000 

No  growth 

36 

1,500,000 

320,000 

40,000 

37 

370,000 

110,000 

12,000 

38 

260,000 

No  growth 

39 

145,000 

25,000 

No  growth 

40 

495,000 

160,000 

6,000 

41 

525,000 

10,000 

No  growth 

42 

265,000 

No  growth 

15,000 

43 

73,000 

No  growth 

44 

110,000 

35,500 

1,500 

45 

280,000 

6,500 

No  growth 

46 

1,100,000 

110,000 

40,000 

47 

750,500 

210,000 

30,000 

48 

820,000 

2,500  • 

No  growth 

49 

900,000 

160,000 

110,000 

50 

585,000 

No  growth 

2,500 

51 

294,000 

70,000 

18,000 

52 

160,500 

250 

No  growth 

53 

485,000 

No  growth 

54 

315,000 

90,000 

No  growth 

55 

755,000 

20,500 

2,000 

About  this  time  Fosdick  raised  a  (question.  We  had  reported  that  there 
was  no  ehaufje  in  tiie  hydrogen-ion  concentration  in  the  .salivas  of  carious  patients 
under  the  dentifrice  treatment  when  ghicose  was  added  to  them.  Fosdick  asked 
if  the  lactic  acid  being  formed  by  these  salivas  was  being  buffered  by  the  am¬ 
monia  that  w'as  being  introduced.  We  checked  on  that  question  and  found  that 
there  was  definitely  some  glucose  conversion,  but  that  the  resultant  acid  was 
being  buffered. 

We  then  sought  some  agent  to  combine  with  dibasic  ammonium  phosphate 
which  would  i>revent  this  lactic  acid  formation,  and  which  might  also  have  a 
greater  inhibiting  effect  on  lactobacilli.  We  immediately  thought  of  urea  be¬ 
cause  of  Stephan’s  work"  and  because  of  our  experiments  with  quinine  and  urea 
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in  1941.  We  tried  various  combinations  of  urea  with  dibasic  ammonium  phos¬ 
phate.  We  wanted  to  use  a  small  concentration  of  urea  becau.se  we  believe  that 
large  concentrations  may  be  detrimental  to  the  deaminating  enzyme  sy.stems 
as  well  as  to  the  fermentative  types.  At  firet  a  concentration  of  10  per  cent 
urea  and  5  per  cent  dibasic  ammonium  phosphate  was  tried  in  in  vitro  tests. 
We  found  that  such  a  combination  would  definitely  prevent  lactic  acid  formation. 
We  proceeded  to  reduce  the  amount  of  urea  and  found  that  we  could  take  it 
down  to  3  per  cent  and  it  still  would  prevent  lactic  acid  formation  by  caries- 
active  saliva  when  glucose  was  added. 

We  learned  that  a  combination  of  3  per  cent  urea  and  5  per  cent  dibasic 
ammonium  phosphate  will  do  what  neither  one  will  do  alone  in  regard  to  the 
hydrogen-ion  concentration,  the  total  titratable  acidity,  the  lactic  acid  formation, 
the  ammonia  nitrogen  production,  and  the  aciduric  flora  in  caries-active  salivas. 
Table  III  gives  a  comparative  summarj-  of  this  study  which  was  done  on  thirty- 
five  salivas.  The  3  i)er  cent  urea  solution  pennitted  some  acid  formation  after 
four  hours’  contact  in  the  incubator,  but  after  twenty-four  hours  and  forty-eight 
hours  the  pH  was  well  up  on  the  alkaline  .side.  The  amount  of  lactic  acid  formed 
was  .stimulated  by  the  3  per  cent  solution.  About  three  and  one-half  times  as 
much  lactic  acid  was  formed  in  the  solution  with  3  per  cent  urea  as  developed 
in  the  saliva-glucose  mixture  without  the  urea,  which  was  similar  to  Stephan’s 
observations.  The  ammonia  nitrogen  level  increased  during  the  forty-eight- 
hour  period,  and  the  3  per  cent  urea*  was  effective  in  eliminating  lactobacilli 
after  fort j’-eight  hours  ’  contact. 

The  diammonium  phosphate  showed  a  somewhat  different  result.  The  pH 
was  on  the  alkaline  side  at  the  l)eginning,  but  there  was  a  reduction  toward  the 
acid  side  after  forty-eight  hours’  contact.  The  same  was  true  of  the  total 
titratable  acids.  However,  there  was  not  nearly  as  much  lactic  acid  formed 
as  there  was  with  the  urea  mixture.  Theiv  was  about  as  much  lactic  acid  with 
5  per  cent  dibasic  ammonium  ])hosphate  as  there  was  in  the  saliva-glucose  mix¬ 
ture  without  the  diammonium  j)hosphate.  There  was  the  siime  inhibition,  how¬ 
ever,  of  the  acid-producing  bacteria. 

When  these  two  solutions  were  combined  they  maintained  a  high  pH,  no 
titratable  acids  were  present  during  the  forty-eight  houi*s’  incubation,  and  there 
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j 

3%  TREA  SOUTTION 

5%  IHAMMONirM 
I’HOSPHATE  SOLl’TIOX 

COMBINED  SOLUTION 

4  HRS.  1  24  HRS. 

48  HRS. 

4  HRS.  1 

|24  HRS. 

48  HRS. 

4  HRS.  1  24  HRS. 

|48  HR.S. 

pH 

6.0 

7.6 

7.8 

7.8 

7.4 

7.0 

7.8  7.8 

7.8 

T.T.A. 

0.8 

Aik. 

Aik. 

Aik. 

1.0 

2.8 

Aik.  Aik. 

Aik. 

I>actic  Acid 

2.283 

5.523 

7.821 

0.18 

1.338 

1.690 

0.202  0.16 

0.21 

.\ninionia  Nitro}{cn 

0.04 

0.24 

0.31 

3.361 

2.74 
L.A.  0 

2.182 

0 

3.66  3.64 

3.43 

.\piduric  Bacteria 

190,000  45,r)00 

0 

270,000 

0  „ 
11,200 

295,000  0 

0 

was  a  lack  of  lactic  acid  formation.  Whereas  urea  had  stimulated  lactic  acid 
formation  and  dibasic  ammonium  phosphate  had  lud  inhibited  it,  there  was  a  syn¬ 
ergistic  effect  between  the  two  that  prevented  lactic  acid  formation.  A  high 
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ammonia  nitrofren  level  was  maintained  and,  as  we  would  expeet,  no  laetobaeilli 
wrew  after  twenty-four  hours’  contact.  Therefore,  we  modified  our  formula  to 
include  as  the  active  ingredients,  5  per  cent  dibasic  ammonium  phosphate  and 
3  per  cent  urea. 

We  studied  our  oriffinal  "roup  of  thirty-three  individuals  usiii"  the 
ammonia-urea  preparation  for  another  year.  Table  TV  shows  the  number  of 
lesions  that  formed  during  the  two-year  brushin"  period.  1  hesitate  to  show  thest* 
results,  for  I  realize  the  prroup  is  not  nearly  larjie  enoufjh  to  be  stati.stically 
sifinificant  and  not  adequately  controlled  because  these  individuals  had  been  very 
caries  active  befoiT  the  brushiri"  treatment.  They  had  had  many  of  the  vidner- 


Tabi.e  IV 


able  surfaces  already  restored  by  "ood  operative  procedures;  therefore,  they  did 
not  have  as  many  su.sceptible  areas  when  they  went  on  the  study.  Then,  too, 
there  is  the  element  of  conscientious  tooth-brush inp;.  We  had  an  interested  frroup 
to  work  with,  and  they  did  a  trood  job,  we  believe,  of  usin^;  tbe  dentifrice  and  the 
rinse  at  least  twice  a  day.  We  had  no  adequate  control.  We  don’t  know  what 
would  have  happened  if  the.se  individuals  had  conscientiously  used  an  ordinary 
dentifrice  or  just  the  toothbrush  duriiif'  this  period  of  time.  However,  I  shall 
show  these  I'csults  Iw'cause  this  is  a  discussion  conference,  and  I  shall  import  to 
you  what  we  have  .seen  in  this  grouj)  over  a  two-year  period. 
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Nineteen  of  the  thirty-three  individuals  repoHed  in  Table  IV  had  no  new 
lesions  develop  duriiif?  the  two-year  experimental  period.  The  fourteen  that 
developed  earies  had  twenty  new  lesions  amonf;  them.  However,  we  ean’t  place 
much  weiofht  on  the.se  clinical  data.  The  study  must  he  done  on  a  large  enough 
group  to  be  statistically  significant  and  it  must  be  more  adequately  controlled. 
This  fall  we  hope  to  institute  an  oral  hygiene  study  on  about  2,000  school  children 
to  determine  the  effectiveness  of  the  toothbrush  and  dentifrices  of  various  com¬ 
positions,  including  our  formula,  in  preventing  or  reducing  caries  activity. 

The  question  has  been  raised  about  the  possibility  of  influencing  dental 
caries  activity  by  the  use  of  some  agent  that  would  reduce  the  plaque  material 
on  the  tooth  surface.  We  knew  of  drove  and  Grove’s  observation®  of  the  effect 
of  an  ammonia  mouthrinse  on  phupie  formation,  and  so  we  decided  to  check  the 
effect  of  the  ammonia-urea  solution.  Teeth  were  stained  with  brilliant  green 
and  then  the  mouth  was  rinsed  with  plain  water  for  two  minutes.  Stain  was 
left  on  the  teeth  although  water  was  effective  in  removing  some  of  it.  Staining 
indicated  that  much  plaque  material  had  l)een  removed  after  a  two-minute 
rinsing  wih  the  ammonia-urea  solution.  We  felt  perhaps  there  was  a  decoloring 
effect  of  these  drugs  on  brilliant  green,  and  we  checked  on  that  possibility. 
There  seems  to  be  no  decolorizing  effect  of  the  ammonia-urea  solution  when 
mixed  \v'ith  the  brilliant  green  in  large  or  small  amounts  in  vitro.  We  believe, 
therefore,  that  the  loss  of  color  on  the  teeth  is  due  to  a  change  in  the  plaque 
content  or  the  amount  of  plaque  on  the  tooth  surface,  and  not  to  any  reducing 
effect  on  the  stain  by  the  mouthrinse.  It  may  be  that  there  are  a  number  of 
other  solutions  that  will  produce  identical  or  even  better  results.  That  is  a 
problem  that  requires  further  investigation. 

The  manner  in  which  these  ammonia-liberating  agents  work  is  still  a  mystery 
to  us.  Nitrogen  is  a  requirement  for  bacterial  metabolism  and  when  we  put 
ammonia  in  the  oral  cavity  it  would  seem  that  we  are  providing  nitrogen,  and 
therefore,  we  should  get  a  stimulation  of  bacterial  activity  rather  than  a  reduc¬ 
tion.  But  that  does  not  occur,  at  least  not  for  the  aeidogenie  flora.  We  fetd 
that  probably  on  the  surface  of  the  tooth  in  this  bacterial  jilaque  there  is  a  con¬ 
tinuous  fight  for  survival  by  two  antagonistic  types  of  bacteria,  and  that  it  may 
he  possible,  by  the  application  of  ammonium  salts,  to  influence  this  bacterial 
population  so  that  we  get  a  rearrangement  with  the  proteolytic  types  in  a 
dominant  position.  The  ammonifying  organisms  are  jimsent  in  almost  all  mouths, 
even  in  caries-active  plaques,  but  apparently  they  are  suppivssed  by  the  pivsenee 
of  the  aeid-prodiicing  organisms  and  by  the  fact  that  sugar  will  prevent  the 
deamination  process. 

That  is  w'hy  I  am  changing  my  skepticism  expres.sed  at  the  beginning  of  this 
di.scussion  in  ivgard  to  the  possibility  of  any  dentifrice  or  mouthwash  having 
any.  prolonged  effect  on  the  oral  flora.  It  may  Ik‘  that  the  use  »»f  an  agent  or 
agents  that  will  depress  only  certain  types  of  organisms  while  stimulating 
others  may  have  a  much  longer  effwt,  because  of  the  stimulation  provided  for 
the  natural  antibiotic  mechanisms,  than  one  that  deprt's.ses  all  bacterial  life.  In 
other  words,  the  rearrangement  in  the  bacterial  population  may  continue  the 
effect  initiated  by  the  specific  antibacterial  agent. 
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We  feel  that  the  org:anie  composition  of  siiliva  may  play  a  bi{;  role  in  the 
types  of  bacteria  that  are  living  in  the  oral  cavity.  The  inorganic  constituents 
of  saliva  are  probably  important  for  the  effect  they  have  on  the  end  products  of 
bacterial  metabolism,  but  the  organic  composition  of  saliva  may  have  a  very 
significant  influence  on  the  types  of  organisms  that  are  living  in  the  mouth. 
It  may  be  that  age,  nutrition,  metabolic  state,  and  so  on,  can  influence  the 
organic  content  of  saliva  and  thereby  influence  significantly  the  bacterial  popula¬ 
tion.  We  believe  that  this  flora  is  susceptible  to  very  minute  changes  in  the 
oral  environment,  perhaps  changes  that  are  too  insignificant  to  measure  by  the 
usual  chemical  analyses.  If  salivas  are  subjected  to  the  microbiologic  assay 
technic  of  analysis  which  we  are  now  doing  in  analyzing  for  the  amino  acid 
content  of  saliva,  it  may  be  that  we  shall  be  able  to  determine  why  some  in¬ 
dividuals  have  in  their  oral  cavities  one  type  of  flora,  whereas  others  do  not.  I 
am  getting  well  into  the  realm  of  conjecture,  however,  and  I  think  it  is  time  to 
stop  and  let  you  ask  questions. 
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DISCUSSION 

DR.  E.\SL1CK. — Thank  you  very  much.  Dr.  Kesel.  I  regret  that  our  lantern  failed  to 
work  and  I  am  glad  you  took  it  so  good-naturedly,  and  I  am  glad  we  got  it  repaired  to  find 
out  about  that  conjectural  group  down  in  Illinois.  Dr.  Kesel ’s  discussion,  report,  and  presen¬ 
tation  are  open  for  discussion. 

DR.  .ALLEN  O.  GRUEBBEL. — I  should  like  to  a.sk  Dr.  Kesel  in  what  way  the  oral 
flora  of  the  mouth  was  changed  after  the  urea  and  dibasic  ammonium  phosphate  were  used! 

DR.  KESEL. — By  disappearance  of  the  lactobacilli.  We  haven’t  noticed  any  other 
change.  No  change  has  been  noted  because  no  quantitative  study  has  been  done  on  the  other 
types  of  organisms  in  the  plaque.  That  is  something  that  must  be  determined. 

DR.  WALLACE  D.  ARMSTRONG. — Dr.  Kesel  knows  that  Grove  and  Grove  produced 
evidence  that  the  ammonia  content  of  a  group  with  natural  caries  immunity  was  higher  than 
for  people  vho  had  a  large  amount  of  caries.  This  finding,  was  not  confirmed  by  Bunting  and 
White.  I  wondered  if  you  made  any  quantitative  analyses  for  ammonia,  or  what  your  find¬ 
ings  might  lie  in  that  regard? 

DR.  KESEL. — Yes,  we  have.  We  checked  on  that  angle  and  more  or  less  substantiated 
the  findings  of  Bunting  and  White  and  also  of  Youngberg.  We  could  not  recognize  any  con¬ 
sistent  difference  in  the  ammonia  content  of  saliva  spit  out  from  the  mouth.  We  feel  that 
it  is  what  happens  in  the  bacterial  plaque  on  the  tooth  surface  that  is  significant,  the  ammonia 
being  liberated  there  in  small  amounts  and  over  a  long  period  of  time,  not  in  amounts  sufficient 
to  alter  appreciably  the  ammonia  content  of  the  saliva  as  it  is  collected  and  spit  from  the 
niouth. 
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DR.  LEONARD  S.  FOSDICK. — I  have  about  three  questions  to  ask.  Have  you  analyzed 
tlie  ammonia  content  of  the  plaques  from  immune  and  susceptible  individuals?  That  is  number 
one.  And  number  two,  in  the  summary  chart  that  you  have  pre.sented,  how  long  after  the 
brushing  of  the  teeth  with  your  solutions  did  you  gather  the  saliva  for  incubation?  And 
number  three,  were  the  patients  on  this  test  instructed  to  brush  their  teeth  immediately  after 
eating  or  at  any  time  that  they  so  wished? 

DR.  KESEL. — I.<et’s  take  them  in  order.  Question  one,  have  we  analyzed  the  plaque 
content  directly  for  its  ammonia?  We  have  not,  but  we  realize  that  it  is  something  that  should 
be  done  if  po.ssible.  Question  two,  was  this  saliva  collected  soon  after  brushing  the  teeth  with 
the  ammonia  preparation?  The  ammonia  preparation  had  not  been  used  on  the  individuals 
from  wliom  these  salivas  were  collected.  It  was  collected  from  new  patients  that  were  highly 
caries  active.  They  had  reported  to  the  clinic  about  ten  o’clock  in  the  morning,  so  that  it  was 
several  hours  after  they  had  brushed  their  teeth.  The  third  question  was,  when  were  the 
patients  instructed  to  brush  their  teeth?  We  began  this  experiment  originally  by  asking 
them  to  brush  their  teeth  night  and  morning,  which  would  follow  the  usual  hygienic  pro¬ 
cedure,  and  many  of  these  individuals  have  continued  to  just  use  these  two  brushings.  There 
are  some  of  the  subjects  who  were  much  more  resistant  to  a  reduction  in  their  lactobacilli 
counts  and  we  have  had  them  brush  their  teeth  immediately  after  meals  and  again  before 
retiring. 

DR.  EASLICK. — Dr.  Williams,  did  you  have  a  question? 

DR.  NED  B.  WILLIAMS. — Dr.  Easlick,  I  should  like  to  ask  Dr.  Kesel  this  question: 
In  the  counts  for  lactobacilli,  for  which  you  recorded  “no  growth,”  were  the  dilutions  alteretl 
at  the  time  that  you  first  noted  the  counts  were  lower,  so  that  the  record  “no  growth”  indi¬ 
cates  failure  of  growth  even  from  undiluted  saliva? 

DR.  KESEL. — You  mean  in  these  clinical  specimens? 

DR.  WILLIAMS. — That  is  correct. 

DR.  KESEL. — The  specimens  are  always  diluted.  We  followed  the  Hadley  technic 
and  diluted  in  Jay’s  broth  and  then  that  dilution,  which  is  a  one-in-five  dilution,  was  used 
for  the  plating.  There  was  no  further  dilution  than  that. 

DR.  WILLIAMS. — Did  you  examine  the  broth  by  smears  when  the  plate  from  a  saliva- 
broth  dilution  was  negative? 

DR.  KESEL.— No. 

DR.  EASLICK.— Have  you  finishetl.  Dr.  Williams? 

DR.  WILLIAMS. — I  have  one  more  question.  In  your  che<*k-up  on  dental  caries,  how 
did  you  determine  whether  there  were  new  lesions  that  appeared  after  the  treatment  had  been 
completed?  Was  that  by  both  clinical  and  x-ray  examination? 

DR.  KESEL. — By  both  clinical  and  x-ray  examination. 

DR.  DONALD  A.  WALLACE. — Is  it  correct  that  you  used  the  urea-quinine  rinse  to  re¬ 
move  the  plaques  in  those  pictures  you  showed? 

DR.  KESEL. — In  those  colored  slides  that  we  showed,  the  rin.se  was  dibasic  ammonium 
phosphate  and  urea,  not  urea-quinine.  If  I  said  urea-quinine,  I  am  sorry. 

DR.  EASLICK. — Is  there  any  further  discussion  of  Dr.  Kesel ’s  report?  Dr.  Williams? 

DR.  WILLIAMS. — If  I  might  just  come  in  here  again.  I  think  that  the  reports  on 
lactobacilli  counts  that  are  made  in  many  papers  are  quite  important  since  we  have  attached 
so  much  importance  to  them.  I  feel  that  although  we  are  following  the  technics  that  have 
been  reported  from  the  University  of  Michigan  in  doing  lactobacilli  counts,  it  is  important 
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to  check  oil  all  of  those  counts  which  according  to  that  technic  show  no  growths  because  the 
lactobacilli  may  very  easily  be  there.  Therefore,  reports  of  no  growth  when  a  dilution  of 
the  saliva  is  used  do  not  show,  directly,  what  might  be  in  that  saliva. 

DR.  EASLICK.— Dr.  .lay? 

DR.  PHILIP  JAY. — That  particular  dilution  was  arrived  at  after  considerable  ex¬ 
perimenting  with  different  dilutions.  We  have  found  one-tenth  of  one  c.c.  of  a  one  to  five 
dilution  most  satisfactory. 

DR.  KESEL. — The.«e  salivary  counts  are  all  taken  on  tlie  rising  sample  of  saliva  first 
thing  in  the  morning  before  any  toothbrushing  or  eating  has  taken  place.  I  doubt  if  there 
would  be  any  continuing  effect  of  the  ammonia  action  over  the  night  and  into  this  morning 
specimen.  If  we  had  positive  broths  in  the  tubes  and  negative  plates,  we  would  make  smears 
of  the  positive  tubes,  but  we  did  not  smear  the  negative  tubes  from  which  the  dilution  of 
the  tomato  agar  plates  was  made. 

DR.  JAY. — How  did  you  know  the  tube  was  positive  if  you  didn’t  smear  it? 

DR.  KEHEL. — By  examination. 

DR.  J.4.Y. — You  rarely  find  a  sterile  broth  culture.  There  is  always  some  growth  in  it 
although  it  may  not  be  lactobacilli  growth. 

DR.  KESEL. — That  is  true,  but  there  were  no  lactobacilli  in  these  broth  cultures  that 
had  been  streaked  and  plated. 

DR.  JOHN  W.  KNUTSON. — I  might  say  it  is  my  impression  that  too  much  fuss  is  being 
made  about  the  smearing  of  these  negatives.  If  the  standard  procedure  is  being  used,  the 
negatives  as  they  come  out  of  that  procedure  should  mean  as  much  as  the  positives,  and  un¬ 
doubtedly  do.  In  other  words,  you  get  a  count  of  300,000;  that  is  perhaps  no  more  accurate 
than  negatives.  The  important  thing  is  always  to  use  the  same  procedure  on  your  controls 
as  you  do  on  your  experimentals. 

DR.  EASLICK. — Is  there  any  further  discussion? 

DR.  F.  A.  ARNOLD. — In  regard  to  the  negative  plates  and  the  positive  broths,  I  think 
in  our  fluoride  areas  we  have  been  carrying  out  the  technic.  Dr.  Jay  and  I  have  been  smear¬ 
ing  the  broths  of  any  negative  plate  cultures.  Positive  broths  and  negative  plates  have  oc¬ 
curred  in  only  2  or  3  per  cent  of  the  cases. 

DR.  BASIL  G.  BIBBY. — Might  I  suggest  the  lactobacillus  counts  might  be  avoided 
if  you  didn’t  bother  to  do  them? 

DR.  E.ASLICK. — Does  anybody  want  to  discuss  Dr.  Bibby’s  report? 

DR.  HAMILTON  B.  G.  ROBINSON.— I  should  like  to  ask  Dr.  Bibby  if  he  has  another 
method  which  we  can  substitute? 

DR.  BIBBY. — Yes,  do  it  by  examination. 

DR.  ROBINSON. — Isn’t  caries  too  slow  a  process  to  follow  by  clinical  examinatior 
when  we  are  after  results?  We  have  a  biological  test  here.  I  think  there  is  a  tendency  t« 
overlook  this  despite  the  fact  that  I  am  one  of  the  group  who  feel  that  the  count  isn’t  as 
accurate  as  it  might  be.  The  salivary  lactobacillus  count  is  a  biological  test  that  we  can  use 
to  substitute  for,  and  to  augment,  clinical  studies.  1  don’t  think  that  you  should  take  lacto¬ 
bacillus  counts  alone.  They  should  be  correlated  with  clinical  studies.  Caries  is  such  a  slow 
process  that  we  have  to  use  something  else  l)esides  clinical  tests  if  we  are  going  to  use  pilot 
studies  to  find  out  where  we  are  going.  I^ater  we  can  go  into  some  long-range  five-  or  ten- 
year  studies,  but  over  a  period  of  a  year  or  so  Dr.  Kesel  had  to  work  with  this  method  to 
find  these  things  out.  You  have  to  work  with  something  that  will  show  results  in  six  months  or 
a  year;  you  can’t  wait  ten  years  for  it. 
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DR.  BIBBY. — You  don’t  have  to  wait  ten  years.  I  think  the  point  i.s,  in  all  research, 
the  simplest  method  is  the  best  method.  As  for  discussion  of  the  accuracy  of  the  method,  why 
discu.ss — do  this,  that,  or  the  other  thing!  I  think  it  raises  some  doubt,  and  there  is  doubt, 
although  I  don ’t  question  correlation.  There  is  very  excellent  correlation  and  very  useful 
correlation.  But  why  bother  about  the  interpretation  of  lactobacillus  counts  when  if  we  waited 
a  year  or  so  we  could  give  a  more  definite  picture?  In  other  words.  I  do  believe  in  the 
usefulness  of  the  lactobacillus  count  as  a  very  useful  and  diagnostic  aid,  but  I  think  it  is  a 
mistake  to  hang  too  much  onto  it  in  determining  what  is  happening,  particularly  in  critical 
research.  I  think  a  good  conservative  attitude  on  the  lactobacillus  counts  is  waiting  six  months 
or  a  year.  I  think  that  we  shall  actually  go  farther  in  a  shorter  time. 

DR.  KESEL. — Our  whole  premise  is  basetl  on  the  fact  that  the  lactobacillus  is  closely 
correlated  with  caries.  When  we  produce  an  environment  in  which  the  lactobacillus  does  not 
develop,  we  have  gone  a  long  way  in  reducing  caries  activity.  It  may  not  be  that  the  lacto¬ 
bacillus  is  the  causative  factor,  but  it  is  certainly  closely  associated  with  it. 

DK.  BIBBY. — I.,et’8  not  get  on  cau.sation,  let’s  skip  that  entirely.  As  far  as  I  am 
concerned  it  is  a  straight  question  of  logic.  I  admit  correlation ;  it  is  useful  and  valuable, 
and  clinically  it  is  a  great  aid.  But  I  think  we  are  guilty  of  false  reason  when  we  try  to  do 
a  thing  right  by  an  indirect  roqte  when  it  can  be  done  by  direct  route.  In  all  research  the 
simplest  procedure  is  the  best;  the  indirect  is  less  reliable  than  the  direct.  Let’s  take  an 
indication;  let’s  not  bother  about  technics.  .\nd  so  far  as  an  indicator  is  concerned  we 
have  a  good  one.  I..et’s  use  it  and  regard  it  as  an  indication,  SO  per  cent  or  better  perhaps, 
and  wait  six  months  or  another  year  until  we  get  clinical  evidence.  I  think,  as  I  said,  we  are 
going  to  make  progress  more  rapidly  than  if  we  did  not  get  both  sides.  I  think  Dr.  Kesel, 
incidentally,  perhaps  gave  a  rather  good  example  of  over-reliance  on  the  lactobacillus  count. 
The  rest  of  the  flora  wasn ’t  examined.  There  may  have  In'en  changes  more  significant  than 
in  the  case  of  the  lactobacilli  that  he  discussed.  So,  I  think  that  we  make  negative  progress 
when  we  place  too  much  reliance  on  that  sort  of  research.  I  don 't  want  to  get  into  causation 
of  dental  caries  because  I  do  believe  it  is  a  valuable  clinical  aid,  and  the  point  I  want  to  make 
is  one  of  straight  logic  for  what  I  believe  is  a  more  productive  type  of  research.  Don’t  put  too 
much  dependence  on  an  indirect  measure  when  a  dire<*t  measure  is  available. 

DR.  KESEL. — .\nother  virtue  of  the  lactobacillus  count  that  those  of  us  in  clinical 
research  have  found  is  that  it  gives  the  patient  a  tangible  measure  of  what  is  going  on  in 
his  mouth.  He  becomes  much  more  interested  in  the  control  program  than  he  would  on  a  pro¬ 
gram  where  he  would  have  to  wait  for  a  year  or  two  to  determine  whether  cavities  did  or  did 
not  develop. 

DK.  BIBBY. — What  I  had  in  mind  is  that  it  is  a  valuable  clinical  aid. 

DR.  EASLICK. — Dr.  Jay,  do  you  agree  that  the  simplest  technic  is  always  the  l)est  in 
re.search?  Would  you  care  to  dis<*u8s  that  statement? 

DR.  JAY. — No,  I  wouldn’t  say  that,  but  I  wish  that  Dr.  Bibby  wouldn’t  la*  .«o  worried 
about  this.  There  are  many  who  have  obje<‘ted  to  laboratory  aitls  in  clinical  diagnosis,  but 
as  medicine  progres.ses  these  will  be  used  all  along,  more  and  more. 

DR.  BIBBY. — It  doesn’t  worry  me  necessarily.  I  should  like  to  make  the  point.  I 
wouldn’t  have  made  it  if  the  di-scu.^sion  hadn’t  apjieared  as  to  whether  the  method  were 
accurate  or  not.  1  am  concerned.  Dr.  Jay,  about  the  Iact(d>acittus  count. 

DR.  ROBINSON. — I  am  perfe<-tly  satisfied  now  Ixa-ause  Dr.  Bibby  has  apparently 
changed  his  mind  in  the  last  three  minutes.  He  aske«l  why  use  it  at  all,  in  the  first  place. 
Now  he  says  that  he  will  use  it ;  so  I  am  satisfied. 

DR.  E.VSLICK. — Dr.  Armstrong,  do  you  wi!»h  to  talk? 

DK.  WALLACE  1).  .\RMSTRON(i. — I  should  like  to  ask  Dr.  Bibby  which  of  these 
methods  is  more  accurate,  lactobacillus  counts  or  clinical  examination.  1  have  a  feeling 
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that  neither  one  ie  particularly  accurate  from  the  standjroint  that  1  would  take  a.<«  a  chemist, 
Irecause  I  am  told  that  dentiets  who  examine  the  eame  mouth  may  come  out  with  slightly 
different  results.  I  wonder  if  jrerhaps  they  aren’t  both  wrong? 

UK.  BIBBY. — Dr.  Armstrong  has  a  very  good  grasp  in  any  field  of  logic.  I  have  to 
a<lmit  that  it  is  probably  impossible  to  measure  one  uncertainty  by  using  an  uncertain 
measuring  rod.  I  wish  this  thing  hadn’t  come  up  in  lactobacillus  discu.ssion.  I  am  worried 
about  lactobacillus  ber'ause  while  we  do  have  some  fairly  good  clinical  studies  of  a  more  or 
less  statistical  nature  in  which  one  examiner  checks  against  another  examiner,  we  do  not  have 
yet,  to  my  knowle<lge — and  I  have  trie<l  to  get  some — lactobacillus  acidophilus  counts  over  a 
sufficiently  long  period  of  time  established  on  what  I  consider  to  be  (I  am  not  a  statistician), 
I  will  say,  on  what  statisticians  consider  to  be  reliable  .statistical  basis.  Mr.  Chairman,  I  am 
now  off  the  subject. 

UK.  EASLICK. — We  shall  drop  the  subje<‘t,  then.  Dr.  Bibby,  and  introduce  the  next 
sj>eaker. 

It  is  a  pleasure  to  have  presente<l  next  in  this  Conference,  the  information  that  is  avail¬ 
able  on  the  utilization  of  the  antibiotics,  the  drugs  which  are  receiving  so  much  publicity  as 
therapeutic  agents  at  the  moment.  The  man  who  is  elected  to  discu.ss  this  information  couldn’t 
send  me  a  very  long  list  of  references  l)e<*ause  there  doesn ’t  seem  to  be  a  long  list  of  references 
available.  It  is  a  pleasure  to  present  the  man  who,  I  think,  has  done  most  of  the  research, 
at  least,  who  has  done  considerable  research,  with  these  drugs  as  caries-control  agents.  Dr. 
Thomas  .T.  Hill,  1  find,  always  presents  his  subject  well  and  entertainingly.  He  comes  from 
Western  Reserve  University  in  Cleveland  where  he  serves  as  Professor  of  Pathology.  The 
subject  assigneil  to  him  is  “The  Utilization  of  Penicillin  and  Other  Antibiotics  in  the  Con¬ 
trol  of  Caries.’’  Dr.  Hill,  you  have  thirty  minutes  in  which  to  present  it. 
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Thomas  J,  School  of  Dentistry,  Wfj^tern  Rf>;erve  University, 

Cleveland,  Ohio 

May  we  define  first  the  term  “antibiosis,”  which  means  the  association  of 
two  orfranisms,  one  of  which  is  detrimental  to  the  other.  Antibiotics,  then,  are 
the  products  of  orfjanisms  which  when  in  contact  with  other  organisms  may  in¬ 
hibit  the  normal  biolofjical  process  of  this  second  orjjanism.  This  is  not  a  new 
subject  by  any  means.  The  probabilities  are  that  this  was  well  recognized  by 
Pasteur,  and  some  antagonism  of  one  organism  to  another  in  the  oral  cavity 
certainly  was  recofjnized  by  Miller  who  did  at  least  one  classic  experiment  on 
the  effect  of  some  oral  orfjanisms  on  the  growth  of  induced  organisms.  It  is 
(piite  probable  that  it  was  also  recognized  by  Black  who  made  the  statement 
“that  the  logical  inference  is,  that  the  differences  in  the  susceptibility  to  caries  of 
different  individuals  is  in  something  operating  in  the  oral  fiuids  and  acting  u{>on 
the  active  cause  of  caries,  intensifying  or  hindering  its  effect.”  There  has  been 
no  i-eally  concentrated  investigations  on  these  antibiotics  until  the  la.st  few  years, 
hut  they  promise  to  open  up  a  very  promising  field  for  future  dental  research. 
My  interest  in  this  was  induced  by  the  Food  and  Drug  Administration  who 
brought  up  the  problem  of  what  attitude  should  be  taken  if  a  penicillin  dentifrice 
were  juit  on  the  market.  As  a  result,  a  rather  preliminary  experiment  was  under¬ 
taken  with  a  small  number  of  students  to  see  the  effect  that  it  might  have  on 
lactobacillus  counts. 

Ten  well-selected  students,  students  who  would  follow  our  instructions  very 
carefully  and  very  conscientiously,  were  given  a  dentifrice  which  was  composed 
of : 

calcium  carbonate  74  Gin. 

.sodium  bicarbonate  2  Gm. 

tricalcium  phosphate  to  Gm. 

neutral  soap  d.o  Gm. 

saccharin,  essential  oils  to  make  100  Gm. 

To  this  was  addeil  l,bb()  units  of  penicillin  per  gram  of  tinith  powder.  Theiv 
was  no  basis  for  that  l,bdd  units;  it  was  just  a  hit  in  the  dark.  But  a  most  strik¬ 
ing  effect  rt'sultcd  from  the  use  of  the  dentifrice.  These  ten  students  had  at  the 
iK'ginning  of  the  experiment  an  average  lactobacillus  count  of  appitiximately 
72,000  per  student.  At  the  end  of  one  week  the  count  diDpinnl  to  1S,000  and  kept 
on  dropping  for  five  straight  weeks,  until  it  hit  alamt  3(K).  They  were  kept  on 
penicillin  for  one  more  week,  and  then  were  taken  off*  penicillin  and  alloweil  to 
use  other  commercial  dentifrices.  The  count  ivmained  at  an  average  of  3tK)  for 
tluve  months,  and  then  during  the  fourth  month  the  count  immediately  jumped 
hack  to  approximately  where  it  had  been  originally.  They  were  put  back 
on  the  penicillin  dentifrice  and  again  their  counts  dropped, 'somewhat  the  same 
as  they  did  the  first  time,  although  much  more  slowly. 
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At  the  same  time  this  was  going  on,  McClure,  at  the  National  Institute  of 
Health,  was  conducting  an  experiment  on  the  use  of  penicillin  in  rats.  He 
administered  to  these  rats  75  units  of  penicillin  in  each  gram  of  food,  and  75 
units  in  each  cubic  centimeter  of  water,  which  gave  them  a  total  intake — I  am 
estimating — of  about  3,000  units  a  day.  If  it  is  fair  to  compare  that  on  the 
basis  of  body  weight,  it  would  be  equal  in  a  human  being  to  something  in  the 
neighborliood  of  a  little  over  a  million  units  a  day.  McClure  found  that  the  rats 
had  comidete  inhibition  of  dental  caries,  although  he  used  a  fairly  large  quantity 
of  penicillin  in  proportion  to  the  body  weight  of  a  rat. 

One  of  the  problems  which  was  of  importance  was  the  keeping  quality  of  our 
material.  We  made  up  various  dilutions,  some  of  which  were  in  dehydrated 
l)owder  and  others  which  were  not  in  dehydrated  powder,  some  of  which  we 
refrigerated  and  others  which  we  did  not  refrigerate.  The  effectiveness  of  this 
powder  was  determined  by  the  area  of  inhibition  produced  around  wells  contain¬ 
ing  the  powder  in  Petri  plates  that  had  been  seeded  with  lactobacilli.  The  keep¬ 
ing  qualities  of  this  powder  were  investigated  periodically  for  a  year.  The  area 
of  inhibition  of  150-day-old  tooth  powder  is  equal  to  the  freshly  made  batch. 
This  process  of  testing  was  continued,  and  it  took  about  one  year  before  there 
was  the  slightest  loss  of  inhibition  in  the  smalle.st  quantity  used,  that  is,  0.125 
unit. 

In  the  mea.surement  of  the  sensitivity  of  various  strains  of  lactobacilli  to 
penicillin,  there  was  a  good  deal  of  variation.  The  study  was  done  by  a  well 
method  and  by  the  measurement  of  the  clear  areas  of  inhibition  produced. 
All  lactobacilli  were  found  to  be  .sensitive  to  penicillin  but  there  was  much 
variation  in  different  strains.  By  this  method  we  determined  also  the  smallest 
amount  of  the  drug  lUH'C.ssary  to  inhibit  lactobacillus  growth.  When  2.5  units  of 
penicillin  were  placed  in  each  well,  the  area  of  inhibition  varied  for  different 
strains  of  lactobacilli  from  a  diameter  2.3  to  3.3  centimeters.  One  strain  of  lacto¬ 
bacillus  showed  areas  of  inhibition  around  wells  when  one  unit  of  penicillin  was 
placed  in  each  well,  but  no  inhibition  when  0.5  unit  was  used.  Other  strains  pro¬ 
duced  areas  of  inhibition  of  1  cm.  in  diameter  when  0.125  unit  of  penicillin  was 
placed  in  each  well.  In  general,  the  .strains  which  had  the  greatest  areas  of 
inhibition  when  2.5  units  were  placed  in  the  wells  showed  the  greatest  sensitive¬ 
ness  to  0.125  unit  of  penicillin. 

An  experiment  was  conducted  with  rats  fed  a  Hoppert  diet,  some  receiving 
plain  water,  others  the  same  diet  with  varying  amounts  of  ])enicillin  in  the 
water,  and  some  having  sucrose  and  penicillin  added  to  the  water.  The  rats 
were  fed  for  110  days.  Seventy  i)er  cent  of  the  control  rats  had  dental  caries  and 
50  per  cent  of  the  rats  receiving  5  units  of  penicillin  per  cubic  centimeter  of 
water  supply  had  dental  caries.  Weighted  value  was  given  to  the  carious  lesions 
on  the  basis  of  the  amount  of  tooth  structure  which  was  destroyed  with  values  of 
1  for  incipient  caries,  2  for  deep  caries  of  the  dentin,  and  3  for  caries  which 
involved  pulp  exi)osures.  By  this  method  the  caries-control  rats  had  a  weighted 
value  of  0.154,  and  the  rats  rmdving  5  units  of  penicillin,  a  weighted  value  of 
0.135.  The  rats  receiving  sucrose  showed  quite  a  different  result.  While  70  per 
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cent  of  the  control  rats  had  carious  teeth,  100  per  cent  of  those  receiving  addi¬ 
tions  of  1.5  per  cent  of  siicro.se  to  the  water  had  dental  caries.  Of  the  rats  that 
received  additions  of  5  units  of  penicillin  per  cubic  centimeter  and  1.5  per  cent 
of  sucrose  to  the  water,  68  per  cent  had  carious  teeth.  When  similar  weighted 
values  were  given  to  the  carious  lesions,  the  rats  receiving  sucrose  additions  had  a 
caries  weight  of  0.353,  and  those  with  penicillin  and  sucrose,  a  caries  weight  of 
0.166.  The  percentage  of  carious  teeth  was  also  markedly  reduced  from  22  5 
per  cent  in  the  rats  receiving  sucrose  to  9.3  per  cent  in  the  rats  receiving  sucrose 
and  penicillin. 

Zander  has  shown,  in  experiments  on  hamsters,  the  results  of  the  use  of 
dentifrices  containing  penicillin  on  the  incidence  of  dental  caries.  One  group 
of  animals  received  no  local  medication;  in  the  second  group,  the  teeth  were 
brushed  daily  with  a  nonmedicated  commercial  tooth  paste;  and  in  the  third 
group  a  tooth  paste  containing  1,000  units  of  penicillin  per  gram  was  used.  The 
control  animals  receiving  no  medication  had  8.76  carious  teeth  per  animal. 
Those  whose  teeth  were  brushed  with  a  commercial  dentifrice  had  3.87  carious 
teeth  per  animal,  and  those  whose  teeth  were  brushed  with  the  penicillin 
dentifrice  had  0.86  carious  teeth  per  animal. 

Zander  tested  also  the  effect  of  penicillin,  added  to  saliva,  on  the  rate  of 
acid  formation.  Controls,  consisting  of  1  c.c.  of  a  20  per  cent  solution  of  glucose 
and  4  c.c.  of  saliva,  when  incubated  produced  a  pH  drop  from  a  pH  of  6.5  to  a 
pH  of  4  in  four  hours  of  incubation.  When  varying  amounts  of  penicillin 
(from  10  units  to  1,000  units)  were  added  to  the  sidiva  before  incubation,  no 
reduction  in  the  pH  values  was  oKserved.  In  addition,  he  tested  the  value  of 
penicillin  as  a  mouthrinse  to  study  the  length  of  time  that  the  value  of  penicillin 
was  maintained  in  the  saliva.  After  use  of  a  mouthrinse  of  1,000  units  of 
penicillin  in  20  c.c,  of  wuiter,  he  observed  no  production  of  acid  on  salivas  that 
were  collected  within  two  hours  and  incubated  with  glucose  following  the  use  of 
the  moutlnvash. 

We  initiated  an  experiment  in  an  orphanage  to  study  lactobacillus  counts  on 
a  larger  scale  and  the  effect  that  would  be  obtained  on  the  control  of  dental 
caries.  An  orphanage  of  boys  who  were  housed  in  cottages  was  selected.  There 
were  forty  boys  in  each  cottage.  The  odd-numbered  cottages  were  put  on 
jH'nicillin  and  the  even-numbered  used  as  the  control  group.  The  boys  ranged  in 
age  from  7  to  14  and  were  not  a  very  cooperative  group.  Perhaps  this  experiment 
represents  not  what  could  be  done  with  the  use  of  i)enicillin  in  carefully 
selected  patients  but  what  might  happen  if  such  medication  were  given  to  the 
general  public.  Two  and  three  lactobacillus  counts  were  made  on  each  boy 
before  the  experiment  was  .started  and  each  was  classified  as  negative,  plus  1,  2. 
3,  and  4  degrees  of  susceptibility.  The  boys  brushed  their  teeth  once  a  day  only 
(if  they  brushed  them)  and  they  have  not  followed  instructions  too  carefully. 
On  the  other  hand,  most  of  the  boys  are  following  instructions  about  as  well  as 
can  be  expected  of  boys  of  that  age.  The  following  results  were  obtained  after 
a  five-month  period:  Twenty  per  cent  of  the  control  greup  and  26  per  cent  of 
the  experimental  group  were  constantly  negative;  i.e.,  they  were  negative  when 
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we  started  and  i-eniained  negative  throughout  tlie  whole  experiment.  Thirty-one 
per  cent  of  the  control  group  and  22  per  cent  of  the  experimental  group  retained 
the  same  degree  of  susceptibility.  Sixteen  per  cent  of  the  control  group  and  4 
per  cent  of  the  experimental  group  had  increa.sed  susceptibility;  thirty-three  per 
cent  of  the  control  grouj)  and  48  per  cent  of  the  experimental  group  had  de¬ 
creased  susceptibility.  Nine  per  cent  of  the  control  group  had  decreased  nega¬ 
tive  counts  and  21  per  cent  of  the  experimental  group  had  decreased  negative 
counts. 

If  those  who  had  been  negative  throughout  the  whole  experiment  are 
eliminated  and  consideration  be  given  only  those  who  were  susceptible  to  begin 
with,  the  results  are  as  follows:  In  the  control  group,  21  per  cent  had  increased 
susceptibility  in  some  degree  and  43  per  cent  had  decreased  susceptibility.  In 
the  experimental  group,  65  per  cent  had  decreased  susceptibility  and  only  4  per 
cent  had  lactobacillus  counts  that  went  up  to  a  different  degree  of  susceptibility. 
The  experiment  is  still  under  way  and  will  be  continued  for  some  time  to  de¬ 
termine  whether  or  not  there  has  been  a  reduction  of  caries. 

After  lactobacillus  counts,  fourteen  students  were  selected  who  had  fairly 
marked  susceptibility  to  dental  caries.  Those  who  had  negative  counts  and  those 
who  had  low  or  questionable  counts  were  eliminated,  and  the  experiment  was 
started  with  a  highly  susceptible  group.  It  was  thought  that  perhaps  penicillin 
would  be  more  effective  in  the  control  of  lactobacilli  if  the  penicillin  were  used 
in  high  concentration  and  then  dropped  to  a  lower  amount.  These  boys  are 
given  lozenges  of  500  units,  one  every  night  before  retiring,  and  they  are  using 
penicillin  dentifrice  as  well.  This  experiment  is  still  in  progress.  At  the 
beginning,  five  had  -  +  ^  +,  one  had  r  +  +,  five  had  +  +,  and  one  had  suscepti¬ 
bility.  At  the  end  of  one  week  the  lactobacillus  counts  indicated  one  with  a  +  +, 
four  with  a  +,  and  nine  with  negative  lactobacillus  counts.  After  the  lozenges 
were  discontinued  but  the  tooth  powder  continued  for  two  more  weeks,  one 
showed  count,  one  had  ^  +  count,  two  had  -h+,  six  had  -h  count,  and 

four  were  negative.  We  are  trying  to  make  a  rather  careful  analysis  of  what  is 
happening  to  some  of  the  other  mouth  flora  and  what  changes  are  going  on  in  the 
mouths  where  the  gram-positive  organisms  are  being  destroyed.  One  of  the  most 
significant  changes  that  we  find  is  an  increase  in  the  i)resence  of  the  Aerohacter 
aeruyenes.  At  the  beginning  of  the  experiment  none  of  the  fourteen  salivas  grew 
A.  aeroyenes  on  tomato-juice  agar  or  on  Levine’s  agar.  At  the  end  of  the  third 
week  six  salivas  grew  A.  aeroyenes. 

To  go  back  to  our  rat  experiment,  before  we  sacrificed  these  rats  we  made 
smears  from  their  mouths.  This  is  a  very  inaccurate  way  of  determining  mouth 
bacteria,  but  rats  are  not  particularly  cooperative  and  it  is  about  the  only  way  it 
can  be  done.  We  used  sterile  cotton  to  swab  their  mouths  and  inoculated  plates 
for  the  presence  of  acidophilus  and  for  the  pre.sence  of  A.  aeroyenes.  The 
correlation  is  not  good,  but  it  is  rather  indicative.  As  the  rats’  mouths  showed 
decreases  in  the  acidophilus  counts,  increases  in  the  frequency  with  which  A. 
aeroyenes  were  present  were  also  found.  This  experiment  was  carried  a  little 
further,  particularly  in  relation  to  the  bacterial  antagonisms  that  might  Ik? 
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present  between  these  two  particular  organisms.  Petri  plates  seeded  with 
acidophilus  were  used  and  into  the  well  in  the  center  was  fitted  a  little  celloidin 
cup  through  which  ditTusion  and  dialysis  would  occur.  These  plates  were  seeded 
with  .4.  a^rogenes  and  incubated  with  broth  culture  of  lactobacilli  in  the  center 
of  the  celloidin  cup.  A  bacterial  antagonism  was  found  which  produced  a 
clear  area  of  inhibition  around  the  wells  in  the  agar  seeded  with  A.  nerogenes. 
But,  if  the  procedure  was  reversed  and  the  A.  aerogenest  put  in  the  center  cup 
and  the  lactobacilli  on  the  outside,  no  inhibition  occurred  unless  the  pH  of  the 
media  was  sufficiently  high  to  be  unfavorable  to  the  growth  of  the  lactobacilli. 
This  does  not  negate  Kesel’s  experiment  with  the  filtrate.  He  has  shown  that  the 
-1.  aerogenes  filtrate  has  an  inhibitory  effect  against  the  acidophilous.  We  were 
working  with  the  organi.sms  themselves  and  not  the  filtrate.  We  have  found  also 
that  a  number  of  strains  of  streptococci  will  inhibit  acidophilus,  the  well 
method  being  used. 


SUMMARY 

1.  The  oral  lactobacilli  are  sensitive  to  penicillin  and  the  sensitivity  to 
penicillin  varies  in  degrees  depending  upon  the  strain. 

2.  There  is  good  evidence  that  the  lactobacillus  count  of  the  mouth  can  be 
reduced  by  the  use  of  penicillin  in  one  form  or  another. 

3.  There  is  evidence  that  the  incidence  of  dental  caries  can  be  reduced  in 
rats  and  hamsters  by  the  use  of  penicillin,  but  as  yet  evidence  is  not  available 
that  a  similar  reduction  will  occur  in  human  beings.  In  other  words,  the  use 
of  antibiotics  of  this  kind  is  very  definitely  in  the  ex]>erimental  stages. 

From  our  experience,  we  ean  conclude  that  if  it  l)ecomes  desirable  to  use 
penicillin,  its  value,  like  many  of  the  other  materials  that  have  been  suggested, 
will  depend  entirely  ujmn  complete  and  conscientious  cooperation  of  the  i)atient. 
Such  metlunls  will  not  become  good  public  health  methods  for  the  control  of 
dental  caries.  In  other  words,  the  control  of  dental  carries  will  ultimately  de¬ 
pend  upon  the  finding  of  the  immunological  factors  and  the  antibiotic  factors 
that  are  natural  to  afTTinmune  mouth  and  upon  their  induction  to  pimluce  a 
state  of  resistance  in  the  patient. 

DR.  EASLICK. — Dr.  Hill ’s  paper  i.**  o|H‘n  for  diH*us.xion. 

DR.  F.  A.  .ARNOLD,  JR. — I  am  thinking.  Dr.  Hill,  of  one  of  the  tirst  slides  that  you 
put  on,  which  showed  a  rapid  drop  in  acidophilous  counts  in  a  small  group  of  students  follow¬ 
ing  the  use  of  {)enicillin.  It  showed  an  abrupt  rise  after  four  months.  Now,  did  the  counts 
for  the  whole  group  go  up  in  similar  character  after  four  months,  or  do  you  have  any  explana¬ 
tion  of  why  there  is  a  four-month  period  there? 

DR.  HILL. — No,  none  whatever.  The  whole  group  went  up.  Some  of  them  went  up 
very  much  more  than  others.  There  were  one  or  two  in  that  group  that  did  not  rise  very 
greatly,  but  there  was  none  whose  count  did  not  go  up  to  some  degree. 

DR.  ALLEN  O.  (SRUEBBEL. — Dr.  Hill,  what  is  the  likelihoml  that  the  lactobacilli 
might  become  penicillin-fast  as  in  the  case  of  some  other  types  of  bacteria? 
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DR.  HILL. — I  think  there  are  two  questions  that  I  imagine  will  be  asked:  the  question 
of  penicillin-fast  organism,  and  the  question  of  allergic  manifestations.  I  shall  answer  Dr. 
Gruebbel’s  question  as  best  I  can  to  begin  with.  I  think  that  perhaps  we  have  not  a  very 
accurate  understanding  of  what  is  meant  by  penicillin-fastness,  or  by  penicillin-resistant 
strain  of  organisms.  As  a  matter  of  fact,  the  whole  thing  is  more  or  less  hypothetical.  But 
I  should  like  to  quote  and  read  just  one  paragraph,  if  I  may,  from  Kolmer’s  Penicillin 
Therapy,  where  he  discusses  this,  and  I  shall  just  read  these  two  or  three  sentences  as  an  ex¬ 
planation  of  penicillin-fastness. 

The  mechanism  is  unknown,  but  Demerac  believes  that  this  resistance  is  not 
induced  by  the  action  of  penicillin  on  bacteria,  but  originates  through  mutation. 

In  other  words,  according  to  this  hypothesis,  when  penicillin  is  added  to  a  culture 
in  low  concentration  it  eliminates  non-resistant  or  susceptible  cells  but  may  leave 
some  individuals  possessing  a  natural  resistance  to  the  compound. 

According  to  this  hypothesis,  therefore,  it  is  assumed  that  there  are  a 
number  of  genes  in  organisms  that  effect  resistance  to  penicillin,  and  if  any  of 
them  mutates,  the  individuals  in  which  such  mutation  occurs  acquire  resistance.  On 
the  other  hand,  however,  there  is  evidence  to  show  that  resistance  is  always  natural 
and  not  acquire<l.  Under  these  circumstances  it  is  as.sumed  that  in  any  culture  of 
an  organism  penicillin  may  eliminate  the  susceptible  organisms  without  eliminating 
a  resistant  variant  which  continues  to  be  resistant  indefinitely  without  acquiring  any 
additional  resistance  as  the  result  of  exposure  to  the  compound. 

In  other  words,  if  they  are  resistant  strains  to  start  with,  they  will  be  resistant  strains 
when  one  gets  through,  and  if  they  are  not,  they  won’t  be. 

I  am  sure  the  question  of  allergic  manifestations  will  be  asked,  and  so  I  might  as  well 
answer  it  while  I  am  on  my  feet.  We  have  used  penicillin  in  perhaps  a  little  over  400  people, 
and  they  have  l)een  using  ])enicillin  for  varying  degrees  of  time,  some  of  them  as  long  as  one 
and  one-half  years.  Up  to  the  present  time  we  have  not  had  a  case  of  allergy.  I  think  we 
shall  get  them;  as  a  matter  of  fact,  I  suspect  that  there  will  l)e  a  certain  percentage  of  people 
who  will  become  sensitized  to  the  use  of  this  material.  We  must  also  remember  that  the 
sensitization  to  jienicillin  is  not  nearly'  as  undesirable  as  is  the  sensitization  to  the  sulfa  drugs. 
The  prolcablities  are  that  if  these  patients  become  sensitized  to  it,  the  worse  that  will  prob¬ 
ably  happen  to  them  will  be  a  dermatitis  and  itching  skin  in  varying  degrees,  most  of  which 
will  not  be  too  severe. 

DR.  EAHLK'K. — Thanks,  Dr.  Hill.  I  should  like  to  testify,  however,  that  the  itching 
skin  is  terrible.  From  two  exjjeriences  witli  |)enicillin  I  don ’t  want  any  more  of  it. 

DR.  ROBERT  M.  STEPHAN. — I  don’t  know  whether  Dr.  Hill  answered  Dr.  Arnold’s 
question,  but  as  I  recall,  on  the  slide  that  Dr.  Hill  showed  there  was  a  rapid  drop  in  the  lacto- 
l>acillus  count  following  tlie  use  of  |>cnicillin;  then  the  j)enicillin  was  discontinued  and  the 
count  stayed  «lown  for  a  few  more  months.  .  .  . 

DR.  HILL. — Three  months. 

DR.  8TEI^H.VN. — .  .  .  and  then  all  of  a  sudden  some  of  the  counts  jumiH*d  up  for  some 
reason;  all  jumped  together  at  a  given  time.  In  other  words,  could  you  discontinue  penicillin 
and  then  wait  for  two  or  three  months  and  say  they  all  had  gone  up  together,  or  did  some 
jump  up  earlier  than  others  and  some  later,  and  so  forth'/ 

DR.  HILL. — No,  these  counts  were  made  weekly  for  the  first  eight  weeks  and  then 
monthly  for  four  inontlis.  Between  the  third  and  fourth  month  the  counts  went  up  in  vary¬ 
ing  degrees,  some  of  them  not  as  much  as  others. 

DR.  HTEPHAN. — Ho,  you  could  get  three  months  of  negative  counts  after  discon¬ 
tinuation  of  {>enicillin  in  all  cases? 
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DR.  HILL. — We  did  in  these  enscs. 

DR.  STEPHAN.— Yes. 

DR.  NED  B.  WILLI.\MS. — Dr.  Hill,  did  you  measure  saliva  to  determine  how  long 
there  remained  any  active  penicillin  in  saliva  after  the  dissolution  of  the  500  unit  lozenges? 

DR.  HILL.— Yes.  , 

DR.  WILLIAMS. — Did  you  find  how  long  that  activity  was  present  in  saliva  after 
the  lozenges? 

DR.  HILI..— Yes. 

DR.  WILLI.4MS. — And  also  did  you  do  that  with  the  dentifrice?  Did  you  discover 
how  long  after  the  specified  time  of  brushing  the  saliva  would  remain  potent  for  your  test 
organism? 

DR.  HILL. — Yes,  we  measured  them  with  lozenges,  and  we  have  measured  them  with 
dentifrice.  We  found  that  the  length  of  time  the  penicillin  is  demonstrable  in  the  saliva 
varies  with  different  individuals  and  it  will  run  from  about  thirty  minutes  to  an  hour, 
perhaps  around  forty-five  minutes  being  about  the  average. 

DR.  WILLIAMS.— With  the  500  units? 

DR.  HILL. — With  500  units  of  penicillin  lozenges  or  with  a  dentifrice  containing  500 

units. 

DR.  WILLI.XMS. — May  I  ask  what  the  test  organism  was? 

DR.  HILL. — Type  II  lactobacillus. 

DR.  HAMILTON  B.  G.  ROBINSON. — What  I  had  to  say  wa.sn’t  about  penicillin,  but 
about  a  very  imjmr.tant  point,  I  think,  that  was  brought  out  in  Dr.  HilUs  paper.  That  is, 
the  fact  that  4.3  per  cent  of  tlie  controls  in  one  of  these  studies  showed  a  decrease  in  their 
caries  activity  as  indicated  by  lactobacillus  counts.  Now,  let  us  suppose,  instead  of  using 
penicillin  (which  apparently  was  effective)  Dr.  Hill  had  been  using  “Lydia  E.  Pinkham” 
compound  without  any  control  and  had  reported  results.  He  would  have  reporteil  43  per 
cent  decrease  in  the  hictolmcillus  count  or  caries  activity.  That  is  what  I  would  like  to  call, 
using  someone  else’s  term,  “institutional  effect.”  We  must  have  definite  controls.  1  think 
the  evaluating  committees  should  analyze  carefully  these  papers  that  have  to  do  with  the  con¬ 
trol  of  dental  caries.  Are  there  adequate  controls?  For  example — this  is  a  commercial — 
the  best  way  of  getting  clinical  controls  that  I  know  is  reported  in  a  paper  on  the  Coast 
Guard  study  by  .\rnold  and  his  co-workers*  made  on  so-called  matched  human  “litter-mates.” 
If  you  want  to  find  out  how  you  can  get  good  controls,  study  that  paper  and  then  consider 
the  other  papers  that  you  have  read  to  se«‘  if  they  are  re  dly  adequate  controls.  I  think  that 
is  a  beautiful  point  that  .\rnold  and  his  group  brought  out  in  their  paper. 

DR.  HELMUT  .V.  Z.\NDER. — Dr.  Hill  mentioned  that  he  was  a  little  bit  worried 
about  the  cooperation  at  this  institution,  and  I  am  just  wondering  whether  the  43  jH*r  cent 
may  not  l)e  possibly  accounted  for  by  the  fact  that  some  of  the  boys  starteil  trading  denti¬ 
frices?  I  don’t  know — mayla*  1  shouldn’t  Ik*  suspicious,  but  since  ho  mentioned  that  .some 
body  didn’t  use  it  at  all,  and  that  they  weren’t  too  cooperative,  and  knowing  boys’  institu¬ 
tions,  1  wouldn’t  Ije  surprisi'd  if  someone  wanted  to  see  how  the  material  tasted. 

DR.  HILL. — I  hardly  think,  Dr,  Zander,  that  was  the  case.  They  were  housetl  in  dif¬ 
ferent  cottages;  none  of  them  knew  who  was  on  the  experiment  and  the  institution  didn’t 
know.  I  don’t  believe  that  is  the  case.  1  think  it  is  just  the  natural  lack  of  cooperation  in 
youngsters. 

•Arnold,  F.  A.  Dean.  H.  T..  and  SInBleton,  D.  K.,  Jr.:  Effect  of  Paries  Incidence  of  Single 
Topical  Application  of  Fluorlile  Solution  to  Teeths  of  Y»uing  .Vdult  Males  of  Military  I'opulation, 
J.  D.  Res.  3Si  1944. 
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DK.  EASLICK. — There  will  bt*  an  eisht-minute  reeess.  Please  come  baek  promptly. 

(Recess) 

Now,  if  all  you  hard-workiiip;  students  and  faculty  will  conie  to  order,  please,  it  is  time 
to  begin  the  complex  evaluation  of  the  use  of  fluorine  as  a  caries-control  measure.  We  liave 
scheduled  this  morning  the  first  of  the  three  speakers  on  this  phase  of  caries  control,  and 
the  first  sj»eaker  is  Dr.  Francis  A.  Arnold,  Jr.,  who  comes  from  the  National  Institute  of 
Health.  The  job  that  has  been  assigned  to  him  by  the  Planning  committee  is  an  ‘  ‘  Evalua¬ 
tion  of  the  effectiveness  as  Caries  Control  Measures  of  Ingested  Fluorides  in  Water,  Foorl, 
Bone  Flour,  and  Proprietary  Preparations.”  Dr.  Arnold,  1  personally  shall  be  surpri.sed  if 
you  do  not  do  a  very  excellent  job  in  the  next  forty-five  minutes. 


AN  E\  AlAJATION  OF  THE  EFFECTIVENESS  AS  CARIES  CONTROL 

MEASURES  OF  INOESTEl)  FLUORIDES  IN  WATER,  FOOD, 

BONE  FLOUR,  AND  PROPRIETARY  PREPARATIONS 

Francis  A.  Arnold,  Jr.,  B.S.,  D.D.S.,  Dental  Research  Section,  Expfjh- 
AiENTAL  Biology  and  Medicine  Institute,  National  Institute 
OF  Health,  BETHFi5DA,  Md. 

I  do  not  think  that  it  is  possible  this  morning  for  us  to  talk  on  the  subject  of 
evaluation  of  fluorides  in  dental  caries  control  as  far  as  water  supplies,  food,  and 
other  jireparations  are  concerned  because  we  do  not  have  sufficient  data  with 
which  to  evaluate  the  use  of  such  materials.  At  present,  we  have  considerable 
evidence  from  epidemiological  studies  showing  wide  variations  in  the  amount 
of  dental  caries  in  fluoride  and  nonfluoride  areas.  Whether  or  not  such  data 
are  directly  transferable  to  support  the  use  of  fluorides  for  caries  control  by  the 
methods  mentioned  is  only  an  assumption. 

First,  I  should  like  to  go  back  a  little  into  the  history  of  the  hypothesis  that 
fluorides  have  an  effect  on  dental  caries.  In  the  latter  part  of  the  nineteenth 
century  references  to  the  use  of  fluorides  for  the  control  of  dental  caries  are 
found.  At  that  time  some  workers  in  Europe  were  feeding  calcium  fluoride  tab¬ 
lets  to  mothers  during  pregnancy  for  the  protection  of  their  teeth  and  the  teeth 
of  the  offspring.  We  have  no  data  with  which  to  evaluate  the  results  of  any 
of  this  work.  Since  this  is  a  conference  on  the  disease  of  dental  caries  and  its 
control,  we  wonder  why  they  fed  the  fluorides.  I  think  their  rea.son  for  feeding 
fluorides  at  that  time  was  the  idea  of  building  a  resistant  tooth  structure  on  the 
basis  that  a  fluorapatite  is  more  resistant  to  decomposition  than  other  forms  of 
apatite. 

Later,  in  this  country,  McKay*'*  ***  started  studying  a  disease  of  the  teeth 
which  was  called  “mottled  enamel.”  In  these  studies,  McKay  and  also  Black 
repeatedly  commented  on  the  fact  that  the  teeth  in  endemic  areas  of  mottled 
enamel,  in  spite  of  their  poorly  calcified  .structim',  were  no  more  susceptible  to 
dental  caries  than  were  teeth  in  nonendemic  areas.  In  addition.  Bunting, 
Crowley,  Hard,  and  Keller*  fi-om  Michigan,  when  reporting  on  a  study  of 
mottled  enamel  at  Minonk,  Illinois,  stated  that  caries  did  not  appear  to  progivss 
the  same  in  mottled  teeth  as  in  normal  teeth.  It  should  Ih'  noted  that  at  the 
time  they  were  studying  areas  where  the  fluoride  content  of  the  water  was  in  an 
excessive  range  and  the  degree  of  mottling  produced  was  of  the  moderate-to- 
severe  type. 

After  the  determination  of  the  cause  of  mottled  enamel,  in  alxuit  1931, 
Dean®  started  working  to  determine  the  safe  limits  of  fluorine  in  a  water  supply. 
Through  these  studies  the  (juantitative  relationship  between  eoneentration  and 
effect  has  been  e.stablished.  Today,  we  know  how  much  mottled  enamel  or  dental 
fluorosis  to  expect  in  a  population  group  depending  upon  the  amount  of  fluorine 
present  in  the  domestic  water  su{)ply.  We  know  the  safe  limits  of  fluorine  per¬ 
missible  in  a  water  supply  in  order  to  eliminate  dental  fluoi-osis  as  a  public  health 
hazard,  i.e.,  alx)Ut  1.5  ppm  of  fluorine.  In  establishing  these  safe  limits.  Dean 
was  of  the  opinion  that  dental  caries  was  le.ssemxl  in  areas  where  one  did  not 
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observ'e  the  moderate  and  severe  types  of  mottled  enamel.  Thus  it  was  decided 
to  conduct  specific  epidemiological  studies  on  this  dental  caries-fluorine  relation¬ 
ship  to  determine  the  lower  limits  of  fluorine  which  would  still  be  effective. 

In  all  the  studies  to  which  I  shall  refer,  the  observations  wei'c  made  on  a 
select  group  of  individuals.  First,  the  communities  in  which  the  studies  were 
conducted  were  selected  on  the  basis  of  having  used  their  water  supplies  for  a 
I>eriod  greater  than  the  lives  of  the  individuals  who  were  examined.  Only  those 
children  12  to  14  years  of  age  who  were  born  and  reared  in  these  communities 
were  examined. 

Severe  mottled  enamel*  is  representative  of  the  type  of  tooth  structure  pres¬ 
ent  in  areas  where  the  water  contains  excessive  amounts  of  fluorides.  As 
McKay,®’’  ®*  Bunting*’  and  others  pointed  out,  these  teeth,  in  spite  of  their  de¬ 
fective  .structure,  are  no  more  susceptible  to  dental  caries  than  are  normally 
calcified  teeth. 

Very  mild  mottled  enamel  shows  only  slight  evidence  of  any  disturbance  in 
enamel  formation.  Usually  the  tips  of  the  premolars  and  the  canines  have  a 
characteristic  white  opaque  appearance  which  occasionally  is  also  observed  on 
the  incisors.  This  represents  the  greatest  amount  of  “mottling”  that  will  oc¬ 
cur  in  an  area  where  the  water  supply  contains  1  ppm  of  fluorine. 

During  the  first  fluorine-dental  caries  study  in  Illinois’®  a  considerable  dif¬ 
ference  in  the  amount  of  dental  caries  observed  in  the  12-  to  14-year-old  chil¬ 
dren  at  tialesburg,  where  the  water  sui)i)ly  contains  1.8  ppm  of  fluorine,  was 
noted  when  compared  with  children  in  Quincy  where  the  water  supply  is  fluorine 
free.  The  Quincy  children  show  a  caries  experience  rate  which  is  more  than 
thre<'  times  the  rate  observed  at  (ialesburg.  This  difference  occurred  in  spite  of 
the  fact  that  more  teeth  were  filled  in  the  Quincy  children  than  the  total  caries 
experience  rate  of  the  children  at  Galesburg. 

Another  point  of  special  interest  in  this  study  came  from  a  comparison  of 
the  prevalence  of  caries  in  Galesburg  children  who  showed  macroscopic  dental 
fluorosis  with  tho.se  children  showing  no  evidence  of  the  disease.  About  50  per 
cent  of  the  children  examined  in  Galesburg  showed  macroscopic  exidence  of 
fluorosis.  The  caries  prevalence  rate  on  this  group  of  children  was  found  to  be 
little  different  from  the  caries  rate  of  those  children  showing  no  positive  evidence 
of  fluorosis.  This  observation  suggested  the  i)o.s.sibility  that  lower  levels  of  fluo¬ 
ride  would  also  l>e  a.s.sociated  with  decreased  carles  rates.  This  hypothesis  was 
verified  in  the  studies  to  be  discus.sed  later. 

In  addition  to  the  dental  examinations  in  this  study,'®  lactobacilli  counts 
were  made  to  determine  whether  or  not  there  was  a  difterence  in  the  oral  flora 
in  these  areas.  A  considerable  difference  in  llie  percentage  distribution  of 
the  lactobaeilli  counts  was  observed  in  Galesburg  and  Quincy.  In  Galesburg, 
alMiUt  28  per  cent  of  the  children  had  negative  counts  and  another  10  per  cent 
had  counts  under  100  lactobacilli  per  cubic  centimeter  of  saliva.  In  Quincy, 
there  were  only  12  per  cent  with  negative  counts  and  about  8  i)er  cent  with  less 
than  100  per  cubic  centimeter  of  .sidiva.  These  low  lactobacilli  counts  are  charac¬ 
teristic  of  mouths  in  which  dental  caries  is  inactive.  On  the  other  side  of  the 

*Fur  ot  mottled  enamel  the  reader  nhuuld  conuult  J.  A.  D.  A.  SO:  1278-12S3. 

1S43. 


k 


\'oluiTi«  27 
Number  2 


CARIES  CONTROL  EVALUATION 


269 


scale  in  the  “high  count”  range,  the  percentage  distribution  is  the  opposite. 
Almost  three  and  one-half  times  as  many  Quincy  children  have  counts  of  30,000 
and  over  per  cubic  centimeter  of  saliva  as  do  the  Galesburg  children.  These 
high  counts  are  characteristic  of  the  oral  flora  in  mouths  where  caries  is  verj' 
active.  These  results  suggest  that  the  “activating  force”  of  dental  caries  varies 
in  these  two  communities. 

A  study  in  eight  suburban  Chicago  communities’®  gave  additional  evidence. 
Elmhurst,  where  the  domestic  water  supply  contains  1.8  ppm.  fluorine,  had  a 
caries  rate  of  about  250.  Maywood  and  Aurora,  whose  water  supplies  have 
1.2  ppm  fluorine,  had  caries  rates  of  similar  character.  Joliet,  with  1.3  ppm 
fluorine  in  the  water  supply,  showed  a  caries  rate  of  300.  Elgin,  with  0.5  ppm 
fluorine,  had  a  caries  rate  of  about  450.  Evanston,  Oak  Park,  and  Waukegan, 
all  using  fluoride-free  water  supplies,  showed  caries  rates  ranging  from  670  to 
820.  There  is  a  considerable  difference  in  the  amount  of  dental  caries  in  the 
children  of  these  different  Chicago  suburbs.  It  would  be  difficult  to  assume  from 
an  epidemiological  standpoint  that  these  differences  in  caries  rates  were  caused 
by  variations  in  the  dietarj',  other  than  water,  of  the  people  in  ilaywood  as  com¬ 
pared  with  those  of  Evanston  and  Oak  Park.  They  are  neighboring  suburbs  and 
the  people  are  buying  their  foods  out  of  the  same  type  of  store.  On  the  basis 
of  economic  levels,  as  a  group,  the  people  in  Evanston  and  Oak  Park  might  be 
expected  to  have  better  nutrition  than  individuals  in  Mawood.  Evanston  and 
Oak  Park  represent  two  of  the  wealthiest  suburbs  in  this  country. 

We  should  consider  not  only  that  there  is  less  caries  in  the  fluoride  areas 
than  in  the  nonfluoride  areas,  but  also  how  the  caries  picture  varies.  First,  I 
should  like  to  point  out  the  difference  in  the  amount  of  caries  on  the  proximal 
surfaces  of  the  maxillary  incisors.  In  the  fluoride  areas  we  found  about  0.6  per 
cent  to  1.3  per  cent  of  the  proximal  surfaces  carious,  in  the  intermediate  fluoride 
area  (Elgin)  about  4  per  cent,  and  in  Evanston,  Oak  Park,  and  Waukegan  we 
found  10,  9,  and  18  per  cent,  respectively.  In  other  words,  there  is  a  ten-  to 
fifteenfold  difference  in  the  amount  of  caries  on  the  pmximal  surfaces  of  the 
anterior  teeth  in  the  fluoride  areas  as  compared  with  the  nonfluoride  areas.  I  do 
not  think  that  we  should  interpret  the.se  results  as  an  indication  that  fluorine  has 
a  selective  action  on  anterior  surface  caries.  We  must  also  consider  that  this 
result  may  be  another  measure  of  the  difference  in  the  activating  forces  of  dental 
caries  in  the  different  areas. 

Two  other  observations  of  spe<*ial  interest  in  the  Chicago  study  are  the  dif¬ 
ferences  in  the  loss  of  first  permanent  molars  and  the  amount  of  dental  fluorosis. 
In  the  fluoride  eonmiunities  we  found  from  twelve  to  alH)ut  twenty  first  molars 
lost  i)er  100  children  examined,  but  in  the  fluoride-free  cities  the.se  rates  ranged 
from  thirty-one  in  Oak  Park  to  almut  eighty  in  Waukegan.  Three  to  four  times 
as  many  first  molars  are  lost  in  the  fluoride-free  aivas  by  the  time  the  ehildivn 
have  reached  14  years  of  age. 

The  amount  and  degree  of  dental  fluorosis  are  of  major  importance  in  this 
problem.  The  incidence  of  dental  fluorosis  varies  from  about  40  per  cent  in 
Elmhurst  to  0.2  i)er  cent  in  the  fluoride-free  area  of  Waukegan.  As  may  be  noted, 
only  15  per  cent  of  the  Aurora  childnm  showed  even  the  slightest  evidence  of 
fluorosis.  Aurora  is  characteristic  of  areas  where  the  water  supply  contains 
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the  optimum  amount  of  fluorine.  I  mi»ht  also  add  that  this  mild  decree  of 
fluorosis  is  of  no  esthetic  significance  and  is  found,  as  a  rule,  only  on  the  tips  of 
the  canines  and  second  molars. 

In  all  the  epidemiological  studies  conducted  at  the  National  Institute  of 
Health,  with  the  cooperation  of  State  Health  Departments  and  the  University 
of  Michigan.*  8,576  12-  to  14-year-old  white  children  from  twenty-seven  cities  in 
eight  states  have  been  observed.  The  over-all  picture  is  like  that  shown  for  the 
suburbs  of  Chicago ;  where  the  water  supplies  contain  fluorine  we  find  low  dental 
caries  rates,  and  where  the  water  supplies  are  fluorine  free  we  find  high  caries 
rates.  I  should  also  like  to  call  special  attention  to  the  iTsults  in  some  of  the 
cities  that  have  been  studied.  ?'or  example,  in  Herford  (Deafsmith  County, 
Texas)  we  found  a  very  low  caries  rate;  about  150  DMF  teeth  per  100  children. 
It  has  the  lowest  rate  of  all  twenty-seven  cities,  but  it  has  about  100  per  cent 
incidence  of  .fluorosis.  In  Colorado  Springs  we  find  a  dental  caries  rate  of 
around  240,  but  we  .still  find  over  70  per  cent  of  the  people  showing  dental 
fluorosis.  The  hopeful  part  of  this  problem  is  that  in  the  areas  where  the  water 
supply  has  al)out  1  ppm  of  fluorine  and  where  only  \ery  mild  dental  fluorosis  oc¬ 
curs  in  10  to  15  i)er  cent  of  the  individuals,  there  is  almost  as  much  inhibition 
of  dental  caries  as  observed  in  the  high  fluoride  areas.  In  other  words,  there  is 
little  evidence  that  it  would  be  of  any  great  value  to  increase  the  fluorine  content 
of  a  water  supply  alxjve  al>out  1  ppm  for  dental  caries  control. 

I  should  also  like  to  call  attention  to  the  re.sults  in  some  of  the  cities  such 
as  Vicksburg,  Mississippi,  Nashville,  Tennes.see,  and  Clarksville,  Tennes.see. 
These  communities  show  some  evidence  of  dental  fluorosis  and  a  decreased  caries 
rate,  yet  we  can  find  little  evidence  of  fluorine  intake  as  far  as  their  water  supply 
is  concerned.  Such  results  should  be  considered  when  the  use  of  fluorides  in 
water  supplies  for  cari(*s  control  is  being  evaluated.  It  may  be  that  1  ppm  of 
fluorine  is  not  rw^uired  in  areas  of  the  Southeastern  and  Southwestern  part  of  our 
country  to  bring  alxiut  the  desired  effect. 

Next  I  shall  disf-uss  the  results  of  2,329  lactobacilli  countsf  made  on  selected 
groups  of  children  in  some  of  the  twenty-.seven  cities  considered  in  the  epi¬ 
demiological  studies.  First,  1  want  to  point  out  the  differences  observ’ed  in  the 
low  counts.  In  the  fluoride  areas  we  find  38  i)er  cent  of  the  children  showing 
counts  of  JMOo  or  less  than  KK)  as  compared  to  18  per  cent  in  the  fluoride-free 
communities.  (.'onvers<*ly,  in  the  high-count  range  (20,000  or  more  lactobacilli 
I>er  cubic  centimeter  of  saliva)  we  fiiul  the  percentages  reversed.  Less  than  30 
per  cent  of  the  children  in  the  fluoride  areas  have  high  counts  us  compared  to 
over  50  |>er  cent  of  the  chihiren  in  the  fluoride-free  areas. 

What  has  l)een  ])res<nited  so  far  repres»*nts  a  summary  of  the  evidence  ac¬ 
cumulated  to  date  in  reganl  to  how  water  supplies  may  affect  dental  caries  rates. 
At  present,  studies  are  in  progress  to  determine  the  effect  on  dental  caries  of 
adding  so<lium  fluoride  to  a  level  of  about  1  ppm  fluorine  to  common  water  sup¬ 
plies.  Theoretically,  we  should  get  the  same  results  as  have  b<*en  observ’ed  in 
natural  fluoride  areas  at  a  similar  fluoride  level.  We  have  no  direct  evidence 
that  such  a  change  will  occur.  We  do  have  experimental  evidence  on  rats  and 
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some  liniilod  evidence  in  human  heinj^s  which  siifrjiest  that  “treated”  fluoride 
vvatei's  act  the  same  as  natural  fluoride  waters.  It  may  be  that  we  shall  have  to 
wait  until  we  rear  a  new  veneration  of  children  to  at  least  10  or  12  years  of  age 
on  a  fluoride-treated  water  before  we  have  the  final  answer. 

Another  method  of  caries  control  suggested  by  the  results  of  these  epi¬ 
demiological  studies  would  be  to  duplicate  “field”  conditions  on  an  individual 
basis.  This  would  mean  increasing  fluoride  ingestion  by  daily  supplements  of 
fluorides  either  in  the  food  or  through  individual  water  supplies.  This  can  bo 
done  by  the  use  of  natural  “high  fluoride  content”  products  such  as  bone  meal 
or  preparations  of  fluorides  in  the  form  of  tablets.  As  mo.st  of  you  know,  such 
products  are  on  the  market  today.  According  to  the  calculations  of  McClure,®*  it 
would  take  about  one-half  of  a  milligram  of  fluorine  a  day  in  children  up  to  about 
3  years  of  age,  and  childivn  from  3  to  about  8  or  9  years  of  age  should  receive 
about  one  milligram  of  fluorine  per  day.  These  calculations  are  based  on  the 
average  amount  of  water  that  would  be  drunk  in  fluoride  areas  at  these  age 
levels,  and  the  amount  of  fluorine  that  would  l)e  contained  in  water  of  an  op¬ 
timum  fluoride  content. 

We  have  limited  evidence  to  indicate  that  such  a  procedure  of  feeding  fluo¬ 
ride  supplements  would  only  l)e  neces.sarv*  for  about  the  fii"st  eight  years  of  life. 
The  results  of  studies  at  Bauxite,  Arkansas,'®  showed  caries  to  be  inhibited  in 
those  individuals  whose  teeth  were  formed  on  fluoride  watei’s  but  erupteii  into  a 
fluoride-free  water  environment.  The  results  reported  by  Deatherage'*- ''  on 
selectees  from  Illinois  also  support  this  as,sumption. 

McClure  and  Kinser®'  studied  the  relation  of  fluorine  in  the  drinking  water 
to  the  fluorine  content  of  urine.  There  is  a  direct  and  very  ch>.se  correlation  W- 
tween  the  fluorine  content  of  the  urine  and  the  fluorine  content  of  the  water 
supply.  There  is  no  evidence  in  these  results  of  any  excessive  fluoride  storage 
in  the  body.  In  fluoride-free  areas  the  fluorine  content  of  urine  was  at  a  rather 
constant  level,  0.3  to  0.4  part  per  million.  In  other  words,  the  amount  of  fluorine 
contrihuted  by  foods  in  various  sections  of  the  country  remains  at  a  ndher  con¬ 
stant  low  level. 

A  study  on  fluoride  excretion  was  made  by  McCluiv,  Mitchell,  Hamilton, 
and  Kin.ser®’  on  five  individuals  living  under  strietly  controlled  euvinmmental 
conditions.  Their  total  fluorine  intake  was  measuivd  and  eompart'd  to  fluorine 
excretion  in  urine,  feces,  ami  body  sweat.  When  fluorine  was  added  to  a  flum 
ride-free  water  supply,  su<*h  as  Crbana  water,  it  was  exereted  in  the  siuue  man¬ 
ner  as  when  the  fluorine  .source  was  a  natural  fliu>ritle  water,  such  as  Calesburg 
water.  When  cryolite  or  bone  meal  are  use<l  as  the  source  of  flm>riue,  there  is  a 
different  excretory  picture.  A|)paivntly  a  higher  percentage  of  the  fluorine  fi-om 
these*  sources  is  not  readily  absorlMsl  and  i>as.ses  through  the  Inidy  ami  is  elim¬ 
inated  in  the  feces.  Such  irsults  must  Im*  considered  when  tme  is  attempting  to 
control  caries  by  daily  fluoride  supplements. 

The  final  part  of  this  problem  which  I  should  like  to  discus.s,  briefly,  ileals 
with  the  toxicity  of  fluorine.  This  discussion  will  etmeern  only  nomlental  tox¬ 
icity  and  only  those  levels  of  flimrides  conunonly  present  in  water  supplies.  As 
many  of  you  know,  there  are  reports  in  the  literatuiv  »»f  detrimental  effects  fi-om 
what  is  apparently  water-borne  fluorine.  These  ivports  are  from  aivas  in  South 
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Africa  and  in  India.  In  evaluating  the  findings  in  these  areas  we  should  con¬ 
sider  the  conditions  under  which  the  people  of  these  countries  live.  These  re¬ 
sults  may  not  be  applicable  to  this  country*. 

In  many  regions  of  the  United  States  people  are  using  waters  which  con¬ 
tain  more  than  1  ppm  of  fiuorine* ;  some  of  the  waters  having  8  to  15  parts 
per  million.  Naturally,  all  the  areas  in  this  country  using  fluoride  waters 
are  not  known,  but  as  state  health  departments  make  routine  fluorine  analyses 
more  areas  will  be  known.  However,  I  think  we  should  remember  that  in  spite 
of  the  large  number  of  people  using  these  fluoride  waters,  we  have  had  no  re¬ 
ported  detrimental  effects  in  this  country  other  than  on  the  teeth.  Also, 
McClure**  has  reported  on  the  prevalence  of  bone  fractures  in  residents  of 
numerous  fluoride  and  nonfluoride  areas.  He  was  unable  to  demonstrate  any 
significant  difference  between  the  areas  in  this  respect.  This  suggests  that  there 
is  no  skeletal  damage  of  consequence  in  areas  where  the  fluorine  content  of  the 
water  supply  is  no  more  than  about  4  to  5  parts  per  million. 
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DR.  E.\SLICK. — I  should  like  to  thank  Dr.  Arnold  very  much,  formally,  and  tlien  I 
should  like  to  ask  for  discus.sion. 

Does  anyone  wish  to  discuss  this  evaluation  perio«l  of  fluoride f 

DR.  H.\MILTON  B.  G.  ROBINSON. — I  want  to  ask  a  question.  Dr.  .\rnold,  would 
you  care  to  discuss  the  suggestion  of  Weaver  who  studied  adults  ami  children  in  high-  and 
low-fluoride  areas  and  suggested  simply  a  delaying  effwt  in  dental  caries  ratlier  than  true 
control  of  caries? 

DK.  .\RNOLD. — We  have  made  a  study  on  a  very  limite«l  numlM‘r  of  individual  adults 
in  Bartlett,  Texas,  and  Courtland,  V'irginia,  and  we  found  fewer  DMF  teetli  in  the  adults 
in  these  fluoride  areas  than  has  l>een  re|M>rted  for  similar  ages  in  other  areas  in  tlie  United 
States.  Deatherage’s  figures  on  seler-tive  service  inductees  showeil  a  definite  inhibition  of 
dental  caries  in  those  selectees  who  came  from  fluoride  ureas.  These  selectees  ranged  from 
21  to  28  years  of  age.  That  is  alrout  the  extent  of  reported  evidence  that  we  have  in  this 
country.  Naturally,  using  a  DMF  rate  for  comparing  differences  y»»u  are  going  to  find  the 
differences  decreasing  with  age.  After  a  tootli  iMH'omes  curious  and  is  listed  as  a  DMF  tooth 
it  does  not  change  from  that.  Thus,  as  we  go  into  adult  groups  the  c»miparntive  differences 
decrease. 

DR.  EDWARD  T.WIAJR. — Dr.  .\rnold,  I  have  two  or  three  questions  I  should  like  to 
ask.  I  am  thinking  now  about  the  optimum  coiu'entratiou  of  fluorine  we  cun  use  safely  so  fur 
as  mottling  of  enamel  is  concerntHl  and  fur  the  maximum  of  inhibition  of  curies.  First,  I 
should  like  to  ask  you  what  the  percentage  of  mottled  enamel  was  at  Galesburg.  You  may 
answer  these  as  1  ask  them. 
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DR.  ARNOLD. — About  50  per  cent  of  the  children  at  Galesburg  showed  some  evidence 
of  dental  fluorosis,  and  50  j>er  cent  were  listed  as  normal. 

DR.  TAYLOR. — Now,  what  I  want  to  ask  you  is  if  you  know  what  percentage  of  them 
had  brown  stains  rather  than  just  the  white  opaque  enamel. 

DR.  .ARNOLD. — I  think  that  we  might  have  observed  a  slight  brown  pigmentation  in 
one  or  two  of  the  Galesburg  children.  Typical  “brown  stain”  in  the  Galesburg  children  is 
certainly  not  very  prevalent.  You  do  not  start  observing  brown  stain  until  you  get  in  areas 
with  2  or  2.5  ppm  of  fluorine  or  more.  It  is  necessary  to  have  a  little  more  disturbance  in 
calcification  than  wcurs  at  Galesburg  before  the  soi-ondary  phenomenon,  called  brown  stain, 
is  observed. 

DR.  T.AYLOR. — I  agree  with  you;  that  is  the  point  I  wanted  to  bring  out.  I  believe 
that  many  j>eople  when  sj>eaking  of  mottled  enamel,  are  thinking  in  terms 'of  brown  stain. 
You  made  the  statement  that  you  found  100  per  cent  of  the  children  in  Deaf  Smith  County 
had  mottle<l  enamel.  I  should  like  to  know  how  many  children  had  continuous  residence  and 
whether  you  were  speaking  of  white  mottled  enamel  rather  than  brown  stain? 

DR.  ARNOLD. — I  think  I  understand  what  you  are  trying  to  bring  out  here,  and  it  is 
an  important  point.  If  I  am  not  mi.«taken,  we  examined  about  sixty  individuals  who  had 
continuous  residence  in  Herford.  Brown  stain  is  prevalent  in  Herford,  but,  I  don’t  know 
exactly  what  the  [>ercentage  incidence  is.  It  wouldn’t  run  over  about  20  or  25  per  cent,  the 
white  chalky  type  of  fluorosis  being  more  common. 

DR.  TAYI./IR. — One  more  question  then,  please,  sir.  Personally,  I  don’t  think  the 
percentage  of  brown  stain  would  even  be  that  high,  but  that  is  my  own  personal  opinion. 

1  wante<l  to  ask  you  if  it  isn’t  a  fact  that  with  an  additional  0.5  ppm  of  fluorine,  I  mean 
by  that  a  total  of  1.5  ppm,  you  get  an  additional  inhibition  of  caries  in  the  neighborhoo<l  of 
20  to  30  f>er  cent. 

DR.  .ARNOLD. — Well,  the  only  thing  that  I  can  say  is  that  there  is  little  difference  in 
caries  rates,  as  1  showed  you  on  the  slides,  between  Colorado  Springs  at  2.5  ppm  and  Aurora 
at  1.2  parts  per  million.  I  think  the  difference  is  something  like  a  caries  rate  of  about  250 
to  a  caries  rate  of  almut  280.  As  far  as  we  have  observe<l,  about  90  j)er  cent  of  the  benefit  is 
obtaine<]  at  around  1  ppm  of  fluorine,  and  this  concentration  is  well  below  the  range  of  hav¬ 
ing  a  chance  of  getting  any  bad  effe<*ts  from  the  standpoint  of  fluorosis.  Dental  fluorosis 
Is^gins  to  l>e  a  health  problem  when  the  water  contains  between  1.5  and  2  ppm  of  fluorine. 
In  other  words,  I  don’t  think  it  would  make  enough  difference  in  the  caries  rate  to  justify 
de<;reasiug  our  margin  of  safety. 

DR.  SIDNEA"  B.  FINN. — Dr.  .Arnold,  I  believe  you  said  you  found  the  greatest  re- 
duitdiou  in  caries  in  the  four  up|>er  anterior  teeth.  Now,  could  this  not  possibly  be  due  to 
the  fact  tlmt  fluorine  in  the  drinking  water  comes  in  contact  with  the  up|)er  anterior  teeth 
more  tlian  it  does  with  the  other  teeth,  and  there  might  be  a  topical  effect? 

DK.  ARNOLD. — No,  1  didn’t  want  my  statement  to  be  interpreted  to  mean  that  there 
is  a  “sele<;tive  action”  of  fluorine  for  the  anterior  teeth.  It  may  be  due  to  what  I  shall 
call  a  function  of  uuml>ers.  You  can’t  have  a  caries  rate  of  SOO  until  the  anterior  teeth  are 
involve<l  Iie<rause  you  wouldn ’t  have  enough  carious  teeth.  Ho  1  don ’t  think  we  can  say  at 
present  that  it  is  a  selective  action.  We  do  have  this  evidence:  at  Bauxite,  .Arkansas,  we 
lia<i  chihlren  whose  teeth  were  formed  on  fluoride  water,  but  had  erupted  into  a  nonfluoride 
environment.  Ktill,  tlie  proximal  surfaces  of  the  anterior  teeth  also  showeil  this  wide  dif¬ 
ference  in  caries  when  <'ompare<l  with  the  same  teeth  at  Benton.  They  didn ’t  have  a  topical 
application  of  fluorine  from  the  water  supply  because  they  were  using  fluoride-free  water 
after  tite  teeth  erupted. 

DR.  BEN.JAMIN  M.  MEDOF. — 1  should  like  to  ask  Dr.  .Arnold  if  the  minerals  and 
<'liemicals,  with  the  exception  of  fluorine,  in  the  water  at  Aurora  were  similar  to  those  at 
Minneapolis,  would  the  doctor  then  expect  to  find  the  same  results? 


VoluiTf  27  CARIES  CONTROL  EVALUATION  275 

Number  2 

DR.  .\RNOLD. — I  think  that  question  is  partly  answered  in  studies  by  MeClure  and  his 
as8o<’iates  in  which  they  produced  what  -you  suggest.  Fluorine  was  added  to  Urbana  water, 
which  is  a  natural  surface  water  containing  those  elements  normal  to  surface  water,  and 
compared  to  Galesburg  water,  which  is  a  natural  fluoride  water.  They  didn’t  show  any  dif¬ 
ference  so  far  as  excretion  of  the  fluoride  is  concerne<l.  If  you  will  recall  the  slide  showing 
the  results  in  twenty-seven  cities,  these  communities  were  using  all  types  of  water.  As  far 
as  other  elements  in  the  water  being  important  in  this  problem,  I  don’t  doubt  that  they 
are,  but  as  for  the  usual  mineral  constituents  we  should  remember  that  those  twenty-seven  cities 
included  communities  that  had  hard  water  with  or  without  fluorine  and  cities  that  had  soft 
water  with  or  without  fluorine.  Colorado  Springs  is  using  a  water  supply  which  is  melted 
snow  and  has  less  than  40  ppm  of  total  solids  in  it.  About  twenty  years  ago  this  would 
have  pas.sed  for  distilled  water.  It  does  have  fluorine  in  it  and  the  effect  on  caries  is  the  same 
as  in  regions  where  we  have  highly  mineralized  waters.  Experimentally,  you  can  stop  caries 
in  rats  by  feeding  sodium  fluoride  in  distilled  water.  That  is  about  the  total  of  all  the  evi¬ 
dence  at  the  present  time.  How  or  what  other  elements  of  water  supplies  may  affect  this 
problem,  we  do  not  know. 

DR.  HELMUT  Z.\NDER. — My  remarks  are  related  to  the  question  Dr.  Finn  raised 

a  minute  ago,  that  there  was  a  greater  apparent  difference  between  the  caries  attack  on  the 
proximal  surfaces  of  the  anterior  teeth  than  on  the  molars;  that  is,  ten  to  fifteen  times  more 
proximal  caries  where  there  was  no  fluorine  in  the  water  supply,  as  compare<i  to  those  areas 
liaving  fluorine  in  the  water  supply.  Now,  I  am  just  wondering  whether  this  could  be  relatetl 
to  the  .severity  of  carious  susceptibility?  Is  this  condition  similar  to  those  cases  of  limited 
caries  sus<*eptibility  where  the  first  permanent  molar  is  attackeil  while  the  other  teeth  are 
not,  and  conversely,  when  we  have  a  great  amount  of  caries  susceptibility  the  first  permanent 
molar  and  the  other  teeth  are  attacked.  In  other  words,  could  one  imply  that  fluorides  alter, 
in  part,  the  caries  susceptibility,  so  that  the  caries  picture  is  similar  to  one  where  the  sus¬ 
ceptibility  to  dental  caries  is  decreased?  I  wonder  if  I  made  myself  clear? 

DR.  ARNOLD. — I  don't  think  this  part  of  the  problem  is  at  all  clear,  Dr.  Zander.  I 
don’t  think  with  the  tv'pe  of  examination  used  and  from  the  manner  in  which  the  data  have 
been  processed,  that  we  can  actually  answer  what  you  asketl.  I  think  to  answer  this  problem 
it  would  be  necessary  to  compare  similar  surfaces  of  teeth  with  the  same  posteruptive  ex¬ 
posure  in  a  comparable  oral  environment. 

DR.  Z.\NDER. — I  intend  to  discuss  the  very  same  problem  tomorrow  in  relation  to  the 
use  of  silver  nitrate.  We  have  a  very  .similar  problem  there,  and  it  may  lie  worth  while  to 
see  a  comparison  between  the  problem  in  the  fluoride  instance  as  compared  with  that  in  silver 
nitrate  applications. 

DR.  ROBINSON. — On  this  same  subje«-t,  I  think  that  part  of  the  answer  that  you 
want  is  available  in  a  study  made  by  .\rnim.*  He  took  the  data  of  R.  I..eigh  Wooil  and  of 
Hyatt  and  determinetl  the  percentage  of  caries  (M'currence  for  each  to«)th  in  the  mouth  at 
various  ages.  That,  of  course,  showetl  the  most  suw'eptible  areas  to  he  the  o«‘clu.sal  surfaces 
of  the  molars,  the  upper  anterior  teeth  lieing  much  less  susceptible  and  the  lower  anterior 
teeth  the  least  susceptible.  So,  if  we  should  apply  some  metluMl  that  would  very  slightly 
reduce  caries,  the  first  place  we  should  show  the  reduction  would  la*  in  the  lower  anterior 
teeth;  a  better  method  would  reduce  caries  in  the  upper  anteriors.  If  we  used  a  perfect  metiutd 
we  would  even  stop  caries  in  the  occlusal  surfaces  of  the  first  molars.  I  think  that  is  the 
point  that  you  are  driving  at,  isn ’t  it  ? 

DR.  ZANDER.— Yes. 

DR.  EASLICK. — Is  there  any  further  discussion? 

DR.  DHILIF  E.  BLACKERBY. —  Dr.  .\rnold,  my  question  is  in  regard  to  the  u.se  <»f 
fluorine  for  |>euple  who  liave  individual  water  supplies,  and  tliere  are  many  such  {teople  in  this 

•Arnlni.  S.  S. :  Utilization  «)f  Biologic  Urinciples  in  the  Uractlco  of  Operative  IVntl.stry. 
II.  .'Statistics,  an  .Md  to  Efficient  Diagnosis,  J.  It.  Ilea.  41;  243,  1942, 
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country.  Is  there  any  evidence  to  indicate  that  the  daily  ingestion  of  a  single  glass  of  water  ; 
containing  the  1  mg.  of  fluorine,  which  I  believe  was  i'ecommended  as  the  requirement,  will  have  ^ 
any  different  effect  from  that  of  the  ingestion  of  a  natural  water  containing  fluoride,  or  will  it  ' 
involve  any  danger  to  the  consumer?  In  other  words,  water  containing  1  ppm  of  fluorine  con¬ 
sumed  throughout  the  day  might  conceivably  have  a  different  effect  from  that  of  a  single 
glass  of  water  containing  1  mg.  of  fluoride? 

DR.  ARNOLD. — I  can  only  answer  a  part  of  that  question,  Dr.  Blackerby.  One  milli¬ 
gram  of  fluorine  in  a  glass  of  water  would  not  be  a  toxic  dose  of  sodium  fluoride  by  any  man¬ 
ner  or  means,  and  there  is  no  evidence  of  any  hazard  from  a  chronic  toxicity  standpoint. 
Whether  it  will  have  a  similar  effect,  or  any  effect,  on  dental  caries  is  not  known  at  present. 

DR.  BLACKERBY. — There  is  no  reason  to  believe  there  can  be  any  serious  danger  in¬ 
volved  in  the  general  use  of  sodium  fluoride  tablets? 

DR.  ARNOLD. — No,  I  see  no  reason  to  believe  there  would  be,  as  long  as  they  are  used 
within  the  prescribed  safe  limits. 

DR.  GENEV’^IEVE  STEARNS. — Dr.  Arnold,  did  I  misunderstand  you?  Did  you  say 
that  there  was  no  evidence  of  skeletal  deposition  of  fluorine  in  these  communities  that  are 
using  fluoride  waters?  That  would  be  quite  different  from  the  known  facts  in  animals. 
Beef-bone  always  runs  considerably  higher  in  fluorine  than  veal-bone  in  any  analyses  I  have 
seen.  The  fluorine  must  have  been  definitely  absorbed.  It  couldn’t  have  been  excreted  in  tfie 
urine  or  sweat,  or  it  would  be  quite  at  variance  with  all  we  know  about  metabolism.  Did  I 
misunderstand  you,  or  did  you  make  that  statement? 

DR.  ARNOLD. — Well,  you  misunderstood  the  intent  of  what  I  said.  Surely,  there  is 
fluorine  in  the  skeletal  system  and  I  don’t  doubt  whatsoever  that  the  fluoride  content  of 
bones  in  fluoride  areas  would  be  increased.  The  evidence  from  Dr.  McClure’s  work  which  I 
presented  here  showed  that  we  could  account  for  about  90  per  cent  of  the  fluoride  ingested 
in  water  in  these  areas  by  the  amount  of  fluorine  excreted  in  the  urine  and  the  body  sweat. 
There  was  no  evidence  of  any  storage  of  fluorine  to  an  extent  that  we  might  expect  patho¬ 
logical  changes  in  the  bone.  That  is  what  we  would  be  worrying  about.  I  should  like  Dr. 
Armstrong  to  comment  on  this  point  if  he  would. 

DR.  WALL.\CE  D.  ARMSTRONG. — I  was  troubled  by  the  .same  thought  that  Dr. 
Stearns  brought  up,  but  I  was  going  to  discuss  it  in  private  with  Dr.  Arnold,  since  I  didn’t 
think  it  would  be  a  point  of  general  interest  to  the  group.  We  have  been  able  to  show  that 
by  feeding  drinking  water  containing  20  ppm  of  fluorine  to  rats  the  fluorine  content  of  the 
skeletal  system  increases  ten-  or  twentyfold.  I  think  we  should  repeat  this  experiment  and 
analyze  the  whole  skeleton  so  as  to  see  what  fraction  of  the  administered  dose  was  retained 
in  this  manner.  As  a  matter  of  fact,  in  my  experience,  the  determination  of  fluorine  in  urine 
and  in  feces  is  extremely  difficult,  if  not  impossible.  The  results  are  usually  on  the  high 
side,  more  fluoride  being  found  in  the  urine  to  which  a  definite  amount  of  sodium  fluoride  has 
been  added  than  is  actually  present.  So,  I  have  never  quite  been  able  to  understand  the  re¬ 
sults  that  McClure  obtained  which  indicate  the  excretion  of  nearly  100  per  cent  of  the  admin¬ 
istered  dose.  We  should  also  consider  the  fact  that  the  subjects  were  receiving  fluoride  in  ma¬ 
terials  other  than  in  the  water,  so  that  the  apparent  positive  100  per  cent  excretion  may  not 
amount  to  that. 

It  would  be  interesting,  I  think,  to  obtain  some  bone  from  an  autopsy  specimen  in  the 
fluoride  areas,  and  I  dare  say  that  you  would  find  the  content  of  those  bones  to  be  much 
higher  than  in  nonfluoride  areas.  As  a  matter  of  fact,  Dagmar  and  Wilson  in  England  have 
done  just  that. 
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